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฀ 
$EVWUDFW²7R VROYH WKH SUREOHP RI UDSLGO\ LQFUHDVLQJ RI
SDWLHQWV ZLWK PRYHPHQW GLVRUGHUV DQG WKH DJLQJ SRSXODWLRQ
0DQ\UHVHDUFKHUVSD\DWWHQWLRQWRWKHGHVLJQRIKXPDQFRPSXWHU
LQWHUDFWLRQ LQWHUIDFH IRU UHKDELOLWDWLRQ WUDLQLQJ ZKLFK FDQ
SURYLGH SDWLHQWV ZLWK D KXPDQL]HG LQWHUDFWLYH HQYLURQPHQW IRU
KXPDQFRPSXWHU LQWHUDFWLRQ 7KHUH DUH ODUJH LQGLYLGXDO
GLIIHUHQFHVLQLQWHUDFWLYHLQWHUIDFHEDVHGRQELRORJLFDOVLJQDOVVR
WKHLQWHUDFWLRQLQWHUIDFHEDVHGRQKDSWLFVHQVRUIRUUHKDELOLWDWLRQ
URERW LV VWXGLHG LQ WKLV SDSHU $Q LQWHUDFWLRQ LQWHUIDFH IRU DQ
DQNOHUHKDELOLWDWLRQURERWEDVHGRQKDSWLFVHQVRULVGHVLJQHGDQG
LPSOHPHQWHG ZKLFK PDLQO\ LQFOXGLQJ UHKDELOLWDWLRQ URERW
LQWHUDFWLRQ LQWHUIDFH KDUGZDUH V\VWHP LQWHUDFWLYH LQIRUPDWLRQ
PHDVXUHPHQWDQGVRIWZDUHFRQWUROV\VWHP([SHULPHQWVEDVHGRQ
LQWHUDFWLRQ LQWHUIDFH YHULILHG WKH DYDLODELOLW\ RI WKH KDUGZDUH
FLUFXLW RI HDFK VHQVRU PRGXOH DQG WKH HIIHFWLYHQHVV RI WKH
LQWHUDFWLYH LQIRUPDWLRQ PHDVXUHPHQW DQG VRIWZDUH FRQWURO
V\VWHPRI WKH UHKDELOLWDWLRQURERW ,WSURYLGHV D VROXWLRQ IRU WKH
UHKDELOLWDWLRQ WUDLQLQJ DQG LQWHUDFWLYH URERW FRQWURO EDVHG RQ
KDSWLFVHQVRU
.H\ZRUGV²KXPDQFRPSXWHU LQWHUIDFH KDSWLF VHQVRU
UHKDELOLWDWLRQURERWFRQWUROV\VWHP
฀I฀. ฀ ฀I฀N฀T฀R฀O฀D฀U฀C฀T฀I฀O฀N฀ ฀ 
฀T฀h฀e฀ ฀p฀o฀p฀u฀l฀a฀t฀i฀o฀n฀ ฀a฀g฀e฀d฀ ฀6฀0฀ ฀a฀n฀d฀ ฀a฀b฀o฀v฀e฀ ฀h฀a฀s฀ ฀r฀e฀a฀c฀h฀e฀d฀ ฀2฀1฀2฀ ฀m฀i฀l฀l฀i฀o฀n฀ 
฀i฀n฀ ฀C฀h฀i฀n฀a฀ ฀[฀1฀]฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀l฀i฀m฀b฀ ฀i฀n฀j฀u฀r฀y฀ ฀c฀a฀u฀s฀e฀d฀ ฀b฀y฀ ฀v฀a฀r฀i฀o฀u฀s฀ ฀r฀e฀a฀s฀o฀n฀sh a฀s  
฀b฀r฀o฀u฀g฀h฀t฀ ฀m฀a฀n฀y฀ ฀t฀r฀o฀u฀b฀l฀e฀s฀ ฀a฀n฀d฀ ฀i฀n฀c฀o฀n฀v฀e฀n฀i฀e฀n฀c฀e฀s฀ ฀t฀o฀ ฀p฀e฀o฀p฀l฀e฀'฀s฀ ฀w฀o฀r฀k฀ 
฀a฀n฀d฀ ฀l฀i฀f฀e฀ ฀[฀2฀]฀.฀ ฀F฀a฀c฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀s฀e฀ ฀p฀r฀o฀b฀l฀e฀m฀s฀,฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ t r฀a฀i฀n฀i฀n g  
฀i฀s฀ ฀u฀s฀e฀d฀ ฀a฀s฀ ฀a฀n฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀m฀e฀t฀h฀o฀d฀ ฀t฀o฀ ฀r฀e฀s฀t฀o฀r฀e฀ ฀b฀o฀d฀y฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀.฀ ฀T฀h฀e฀ 
฀i฀n฀t฀e฀r฀a฀c฀t฀i฀v฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀c฀a฀n฀ ฀h฀e฀l฀p฀ ฀t฀h฀e฀r฀a฀p฀i฀s฀t฀s฀ ฀t฀o฀ p r o v฀i d e  
฀h฀i฀g฀h฀ ฀r฀e฀p฀e฀a฀t฀a฀b฀i฀l฀i฀t฀y฀,฀ ฀h฀i฀g฀h฀ ฀s฀t฀r฀e฀n฀g฀t฀h฀ ฀a฀n฀d฀ ฀t฀a฀r฀g฀e฀t฀e฀d฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀ ฀m฀et฀h o d s  
฀f฀o฀r฀ ฀t฀h฀e฀s฀e฀ ฀p฀e฀o฀p฀l฀e฀.฀ ฀S฀o฀ ฀t฀h฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀h฀a฀s฀ ฀g฀r฀a฀d฀u฀a฀l฀l฀y฀ 
฀b฀e฀c฀o฀m฀e฀ ฀a฀n฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀ ฀t฀o฀o฀l฀ ฀t฀o฀ ฀a฀s฀s฀i฀s฀t฀ ฀t฀r฀a฀d฀i฀t฀i฀o฀n฀a฀l฀ ฀p฀h฀y฀s฀i฀c฀a฀l฀ 
฀t฀h฀e฀r฀a฀p฀i฀s฀t฀s฀ ฀t฀o฀ ฀h฀e฀l฀p฀ ฀t฀h฀e฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀ ฀w฀i฀t฀h฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀ ฀[3 ] .   
฀H฀u฀m฀a฀n฀-฀c฀o฀m฀p฀u฀t฀e฀r฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀(฀H฀C฀I฀)฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀i฀s฀ ฀a฀ ฀b฀r฀i฀d฀g฀e฀ 
฀t฀h฀a฀t฀ ฀c฀o฀n฀n฀e฀c฀t฀s฀ ฀t฀h฀e฀ ฀u฀s฀e฀r฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀e฀x฀t฀e฀r฀n฀a฀l฀ ฀d฀e฀v฀i฀c฀e฀s฀,฀ ฀a฀n฀d฀ ฀i฀s a l o  a  
฀p฀l฀a฀t฀f฀o฀r฀m฀ ฀t฀o฀ ฀h฀e฀l฀p฀ ฀t฀h฀e฀ ฀d฀e฀v฀i฀c฀e฀s฀ ฀u฀n฀d฀e฀r฀s฀t฀a฀n฀d฀ ฀u฀s฀e฀r฀'฀s฀ ฀m฀o฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀n฀t฀i฀o฀n฀.฀ 
฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀a฀b฀l฀e฀ ฀t฀o฀ ฀h฀e฀l฀p฀ ฀t฀h฀e฀ ฀r฀o฀b฀o฀t฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀ ฀t฀h฀e฀ ฀p฀a฀t฀i฀e฀n฀t฀'฀s฀ 
฀m฀o฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀n฀t฀i฀o฀n฀ ฀a฀c฀c฀u฀r฀a฀t฀e฀l฀y฀ ฀a฀n฀d฀ ฀p฀r฀o฀v฀i฀d฀e฀ ฀i฀n฀t฀u฀i฀t฀i฀v฀e฀,฀ ฀c฀o฀n฀t฀i฀n฀u฀o฀u฀s฀ 
฀a฀n฀d฀ ฀f฀l฀e฀x฀i฀b฀l฀e฀ ฀m฀o฀t฀i฀o฀n฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀m฀o฀d฀e฀.฀ ฀T฀h฀e฀ ฀H฀C฀I฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀s฀h฀o฀u฀l฀d 
฀a฀l฀s฀o฀ ฀b฀e฀ ฀a฀b฀l฀e฀ ฀t฀o฀ ฀m฀o฀n฀i฀t฀o฀r฀ ฀t฀h฀e฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀s฀t฀a฀t฀e฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀’฀ 
฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀l฀e฀v฀e฀l฀ ฀i฀n฀ ฀r฀e฀a฀l฀ ฀t฀i฀m฀e฀,฀ ฀r฀e฀a฀l฀i฀z฀i฀n฀g฀ ฀a฀d฀j฀u฀s฀t฀a฀b฀l฀e฀ ฀d฀e฀g฀r฀e฀e฀ ฀o฀f฀ 
฀r฀o฀b฀o฀t฀ ฀a฀s฀s฀i฀s฀t฀a฀n฀c฀e฀ ฀t฀o฀ ฀s฀a฀t฀i฀s฀f฀y฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀n฀e฀e฀d฀ ฀o฀f฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀.฀ ฀T฀h฀e฀r฀e฀ ฀a r฀e  
฀t฀h฀r฀e฀e฀ ฀k฀i฀n฀d฀s฀ ฀o฀f฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀t฀e฀c฀h฀n฀o฀l฀o฀g฀i฀e฀s฀ ฀w฀i฀d฀e฀l฀y฀ ฀u฀s฀e฀d฀:฀ ฀1฀) 
฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀t฀e฀c฀h฀n฀o฀l฀o฀g฀y฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀e฀l฀e฀c฀t฀r฀o฀e฀n฀c฀e฀p฀h฀a฀l฀o฀g฀r฀a฀p฀h฀ ฀(฀E฀E฀G฀)฀;฀ ฀2฀)฀ 
฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀t฀e฀c฀h฀n฀o฀l฀o฀g฀y฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀e฀l฀e฀c฀t฀r฀o฀m฀y฀o฀g฀r฀a฀p฀h฀y฀ ฀(฀E฀M฀G฀)฀;฀ ฀3฀)฀ 
฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀t฀e฀c฀h฀n฀o฀l฀o฀g฀y฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀h฀a฀p฀t฀i฀c฀ ฀s฀i฀g฀n฀a฀l฀s฀.฀ ฀ 
฀I฀n฀ ฀r฀e฀c฀e฀n฀t฀ ฀y฀e฀a฀r฀s฀,฀ ฀t฀h฀e฀ ฀b฀r฀a฀i฀n฀ ฀c฀o฀m฀p฀u฀t฀e฀r฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀(฀B฀C฀I฀)฀ 
฀t฀e฀c฀h฀n฀o฀l฀o฀g฀i฀e฀s฀ ฀a฀r฀e฀ ฀a฀t฀t฀r฀a฀c฀t฀i฀n฀g฀ ฀m฀o฀r฀e฀ ฀a฀n฀d฀ ฀m฀o฀r฀e฀ ฀a฀t฀t฀e฀n฀t฀i฀o฀n฀s฀.฀ ฀T฀h฀r฀o฀u฀g฀h฀ 
฀t฀h฀e฀ ฀m o฀t฀o฀r฀ ฀i฀m฀a฀g฀e฀r฀y฀ B฀C฀I  c o m฀b฀i฀n฀e฀d฀ ฀w฀i฀t฀h฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀a฀l฀ ฀e฀l฀e฀c฀t฀r฀i฀c฀a฀l฀ 
฀s฀t฀i฀m฀u฀l฀a฀t฀i฀o฀n฀ ฀(฀F฀F฀S฀)฀,฀ ฀i฀t฀ ฀c฀a฀n฀ ฀r฀e฀a฀l฀i฀z฀e฀ ฀s฀y฀n฀c฀h฀r฀o฀n฀o฀u฀s฀ ฀c฀o฀u฀p฀l฀i฀n฀g฀ ฀o฀f฀ ฀b฀r฀ai n  
฀a฀n฀d฀ ฀m฀u฀s฀c฀l฀e฀ ฀[฀4฀]฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀ ฀d฀u฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀p฀r฀o฀b฀l฀e฀m฀ ฀t฀h฀a฀t฀ ฀n฀o฀i฀s฀e฀-฀s฀i฀g฀n฀a฀l฀ 
฀r฀a฀t฀i฀o฀ ฀o฀f฀ ฀s฀c฀a฀l฀p฀ ฀E฀E฀G฀ ฀c฀o฀l฀l฀e฀c฀t฀e฀d฀ ฀b฀y฀ ฀B฀C฀I฀ ฀s฀y฀s฀t฀e฀m฀ ฀i฀s฀ ฀l฀o฀w฀,฀ ฀i฀t฀ ฀i฀s฀ 
฀d฀i฀f฀f฀i฀c฀u฀l฀t฀ ฀t฀o฀ ฀i฀m฀p฀r฀o฀v฀e฀ ฀t฀h฀e฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀n฀s฀m฀i฀s฀s฀i฀o฀n฀ ฀r฀a฀t฀e฀.฀ ฀A฀nd฀ ฀i t
฀w฀o฀u฀l฀d฀ ฀l฀e฀a฀d฀ ฀t฀o฀ ฀a฀ ฀s฀e฀r฀i฀e฀s฀ ฀o฀f฀ ฀t฀e฀c฀h฀n฀i฀c฀a฀l฀ ฀b฀o฀t฀t฀l฀e฀n฀e฀c฀k฀s฀,฀ ฀s฀u฀c฀h฀ ฀a฀s฀ ฀l฀o฀n฀g฀ 
฀s฀e฀l฀f฀-฀c฀a฀l฀i฀b฀r฀a฀t฀i฀o฀n฀ ฀t฀i฀m฀e฀,฀ ฀s฀o฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀p฀o฀p฀u฀l฀a฀r฀i฀z฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ 
฀c฀o฀m฀m฀e฀r฀c฀i฀a฀l฀i฀z฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀a฀r฀e฀ ฀s฀l฀o฀w฀ ฀[฀5฀-฀7฀]฀.฀ 
฀T฀h฀e฀ ฀E฀M฀G฀ ฀s฀i฀g฀n฀a฀l฀ ฀c฀o฀n฀t฀a฀i฀n฀s฀ ฀m฀a฀n฀y฀ ฀k฀e฀y฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀m฀u฀s฀c฀l฀e฀ 
฀a฀c฀t฀i฀v฀i฀t฀y฀,฀ ฀a฀n฀d฀ ฀c฀a฀n฀ ฀r฀e฀f฀l฀e฀c฀t฀ ฀t฀h฀e฀ ฀h฀u฀m฀a฀n฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀ 
฀3฀0฀~฀1฀0฀0฀m฀s฀ ฀i฀n฀ ฀a฀d฀v฀a฀n฀c฀e฀ ฀[฀8฀]฀.฀ ฀T฀h฀e฀y฀ ฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀w฀i฀d฀e฀l฀y฀ ฀u฀s฀e฀d฀ ฀i฀n฀ ฀H฀C I฀.฀ 
฀I฀n฀ ฀r฀e฀c฀e฀n฀t฀ ฀y฀e฀a฀r฀s฀,฀ ฀a฀ ฀l฀o฀t฀ ฀o฀f฀ ฀m฀e฀t฀h฀o฀d฀s฀ ฀t฀h฀a฀t฀ ฀e฀x฀t฀r฀a฀c฀t฀ ฀u฀s฀e฀f฀u฀l฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ 
฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀E฀M฀G฀ ฀s฀i฀g฀n฀a฀l฀ ฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀[฀9฀]฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀m฀o฀s฀t฀ 
฀o฀f฀ ฀t฀h฀e฀ ฀s฀t฀u฀d฀i฀e฀s฀ ฀a฀r฀e฀ ฀c฀a฀r฀r฀i฀e฀d฀ ฀o฀u฀t฀ ฀o฀n฀ ฀t฀h฀e฀ ฀u฀p฀p฀e฀r฀ ฀l฀i฀m฀b฀ ฀[฀1฀0฀]฀.฀ ฀F฀o฀r฀ 
฀e฀x฀a฀m฀p฀l฀e฀,฀ ฀K฀r฀e฀b฀s฀ ฀e฀t฀ ฀a฀l฀.฀ ฀d฀e฀s฀c฀r฀i฀b฀e฀d฀ ฀a฀ ฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀ ฀t฀h฀e฀r฀a฀p฀y฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ 
฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀t฀h฀a฀t฀ ฀t฀r฀i฀g฀g฀e฀r฀e฀d฀ ฀t฀h฀e฀ ฀r฀o฀b฀o฀t฀ ฀a฀s฀s฀i฀s฀t฀a฀n฀c฀e฀ ฀u฀s฀i฀n฀g฀ ฀E฀M฀G฀ 
฀s฀i฀g฀n฀a฀l฀ ฀[฀1฀1฀]฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀t฀h฀e฀ ฀p฀o฀t฀e฀n฀t฀i฀a฀l฀ ฀p฀r฀o฀b฀l฀e฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀E฀M฀G฀ ฀t฀r฀i฀g฀g฀e฀r฀ 
฀a฀u฀x฀i฀l฀i฀a฀r฀y฀ ฀i฀s฀ ฀t฀h฀a฀t฀ ฀i฀t฀ ฀d฀o฀e฀s฀ ฀n฀o฀t฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀ ฀t฀h฀e฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀’฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀at฀i฀o฀n฀ 
฀d฀e฀g฀r฀e฀e฀,฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀r฀e฀l฀a฀t฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀p฀at฀i฀e n฀t฀ 
฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀o฀b฀o฀t฀,฀ ฀t฀h฀a฀t฀ ฀i฀s฀,฀ ฀t฀h฀e฀ ฀H฀C฀I฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀i฀s฀ ฀v฀e฀r฀y฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀ ฀f฀o r฀ 
฀t฀h฀e฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀t฀i฀o฀n฀ ฀d฀e฀g฀r฀e฀e฀.฀ ฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀r฀fa c฀e฀ 
฀t฀e฀c฀h฀n฀o฀l฀o฀g฀y฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀E฀M฀G฀ ฀i฀s฀ ฀s฀t฀i฀l฀l฀ ฀a฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀d฀i฀r฀e฀c฀t฀i฀o฀n฀ ฀t฀h฀a฀t฀ 
฀n฀e฀e฀d฀s฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀s฀t฀u฀d฀y฀.฀ ฀ 
H฀a฀p฀t฀i฀c฀ ฀i฀n฀t฀e฀r฀a฀c฀t i o n  ฀i s  b฀a฀s฀e฀d฀ ฀o฀n฀ h u฀m฀a฀n฀ ฀h฀a฀p฀t฀i฀c฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀ 
m฀e฀c฀h฀a฀n฀i฀s฀m฀.฀ ฀H฀a฀p฀t฀i฀c฀ ฀d e v i฀c฀e฀s฀ a r e  ฀u s e d฀ ฀t฀o฀ ฀s฀i฀m฀u฀l฀a฀t฀e฀ ฀h฀u฀m฀a฀n฀ 
p e r฀c e p฀t i o n  ฀o฀f฀ ฀t h e฀ ฀a฀c฀t฀u฀a฀l฀ o b j e c t s฀,฀ ฀a฀c฀h฀i฀e฀v฀i฀n฀g฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀ ฀a฀nd  
r e฀p฀r฀o฀d฀u฀c฀t฀i฀o฀n฀ ฀f฀o r฀ ฀v฀i฀r฀t฀u฀a฀l  o฀r  r e m฀o฀t฀e฀ ฀s฀e฀n฀s฀e฀ ฀[฀1฀2฀,฀ ฀1฀3฀]฀.฀ ฀I฀n฀ ฀c฀o฀n฀t฀r฀a฀st ,  
฀i n฀t฀e฀r฀a฀c฀t i o n  ฀i n t e r f a c e  t e c h n o฀l฀o฀g฀y฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀h฀a฀p฀t฀i฀c฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀is  
฀r e฀l a฀t฀i v e l y  m฀a t u r e  a n d฀ t h e฀ m฀o฀s฀t฀ ฀w฀i฀d฀e฀l฀y฀ ฀u฀s฀e฀d฀.฀ ฀I฀t฀ ฀i฀s฀ ฀t฀h฀e฀ f i฀r s฀t฀ ฀c฀h฀o i c e  
฀f o r  H C฀I  d e฀s฀i฀g฀n  ฀a฀n฀d฀ ฀c฀o฀n฀t฀r฀o฀l .  S h a n g h a i  J฀i฀a฀o฀ ฀T฀o฀n฀g฀ ฀U฀n฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀h฀a฀s฀ 
d e s฀i g n e฀d฀ ฀a  c o m p฀l฀e฀t e฀ ฀e฀x฀o฀s฀k฀e฀l e t o n฀ r o฀b฀o฀t฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀s฀y฀s฀t฀em ,  
฀w฀h i c h  i n c l u d e฀s฀ a  m฀o฀n฀i t฀o r i฀n฀g  s y s t e m฀ a฀n฀d฀ ฀a฀n฀ ฀a฀c฀t฀i฀v฀e฀ ฀c฀o฀m฀p฀l฀i฀an฀c e฀ 
฀c฀o฀n฀t฀r฀o฀l฀l฀e฀r฀.฀ ฀T฀h฀e฀ ฀a฀d฀a฀p฀t฀i฀v฀e฀ ฀c฀o฀n฀t฀r฀o฀l฀l฀e฀r฀ ฀c฀o฀n฀t฀r฀o฀l฀s฀ ฀t฀h฀e฀ ฀H฀C฀I฀ ฀s฀y฀s฀t฀e฀m฀ 
฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀h฀y฀b฀r฀i฀d฀ ฀d฀y฀n฀a฀m฀i฀c฀ ฀m฀o฀d฀e฀l฀ ฀[฀8฀]฀.฀ 
฀T฀h฀e฀ ฀B฀L฀E฀E฀X฀ ฀e฀x฀o฀s฀k฀e฀l฀e฀t฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀i฀n฀s฀t฀a฀l฀l฀s฀ ฀a฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀i฀n฀g฀ 
฀s฀y฀s฀t฀e฀m฀ ฀a฀t฀ ฀t฀h฀e฀ ฀p฀e฀l฀m฀a฀ ฀t฀o฀ ฀d฀e฀t฀e฀c฀t฀ ฀t฀h฀e฀ ฀g฀r฀o฀u฀n฀d฀ ฀r฀e฀a฀c฀t฀i฀o฀n฀ ฀f฀o฀r฀c฀e฀ ฀f฀o฀r฀ 
฀s฀y฀s฀t฀e฀m฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀[฀1฀4฀]฀.฀ ฀S฀c฀h฀i฀e฀l฀e฀ ฀e฀t฀ ฀a฀l฀.฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀e฀x฀o฀s฀k฀e฀l฀e฀t฀o฀n฀ ฀u฀s฀i฀n฀g฀ 
฀f฀o฀r฀c฀e฀ ฀f฀e฀e฀d฀b฀a฀c฀k฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀r฀o฀p฀e฀s฀ ฀d฀r฀i฀v฀e฀n฀ ฀w฀a฀y฀ ฀[฀1฀5฀]฀.฀ ฀B฀a฀n฀a฀l฀a฀ ฀e฀t฀ ฀a฀l฀.฀ 
฀c฀o฀n฀t฀r฀o฀l฀ ฀t฀h฀e฀ ฀e฀x฀o฀s฀k฀e฀l฀e฀t฀o฀n฀ ฀b฀y฀ ฀c฀o฀l฀l฀e฀c฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀f฀o฀r฀c฀e฀ 
฀b฀e฀t฀w฀e฀e฀n฀ ฀h฀u฀m฀a฀n฀ ฀a฀n฀d฀ ฀e฀x฀o฀s฀k฀e฀l฀e฀t฀o฀n฀ ฀[฀1฀6฀]฀.฀ ฀H฀a฀p฀t฀i฀c฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀c฀a฀n฀ ฀b฀e 
฀o฀b฀t฀a฀i฀n฀e฀d฀ ฀b฀y฀ ฀f฀o฀r฀c฀e฀ ฀s฀e฀n฀s฀o฀r฀s฀ ฀i฀n฀s฀t฀a฀l฀l฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀j฀o฀i฀n฀t฀s฀ ฀o฀r฀ ฀p฀e฀l฀m฀a฀ ฀as฀ ฀t฀h฀e฀ 
฀r฀o฀b฀o฀t฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀.฀ ฀A฀n฀d฀ ฀w฀h฀e฀n฀ ฀h฀u฀m฀a฀n฀ ฀c฀o฀n฀t฀a฀c฀t฀s฀ ฀w฀i฀t฀h฀ 
฀r฀o฀b฀o฀t฀,฀ ฀i฀t฀ ฀i฀s฀ ฀b฀o฀u฀n฀d฀ ฀t฀o฀ ฀p฀r฀o฀d฀u฀c฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀f฀o฀r฀c฀e฀.฀ ฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀i฀t  i s  
฀t฀h฀e฀ ฀m฀o฀s฀t฀ ฀d฀i฀r฀e฀c฀t฀ ฀a฀n฀d฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀m฀e฀t฀h฀o฀d฀ ฀t฀o฀ ฀s฀t฀u฀d฀y฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀ra c t i o n  
฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀a฀s฀ ฀t฀h฀e฀ ฀i฀n฀p฀u฀t฀ ฀a฀n฀d฀ ฀f฀e฀e฀d฀b฀a฀c฀k฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀s฀y฀s฀t฀e฀m฀.฀ ฀ 
฀I฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀,฀ ฀a฀n฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀s฀y฀s฀t฀e฀m฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ 
฀h฀a฀p฀t฀i฀c฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀s฀ ฀s฀t฀u฀d฀i฀e฀d฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ 
฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀.฀ ฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀m฀e฀a฀s฀u฀r฀e฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀v฀e 
฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀,฀ ฀h฀a฀r฀d฀w฀a฀r฀e฀ ฀c฀i฀r฀c฀u฀i฀t฀ ฀o฀f฀ ฀h฀u฀m฀a฀n฀ ฀c฀o฀m฀p฀u฀t฀e฀r฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ 
฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀f฀o฀r฀ ฀e฀a฀c฀h฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀s฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀.฀ ฀T฀o฀ ฀o฀b฀s฀e฀r฀v฀e฀ ฀t฀h฀e฀ ฀p a t฀i฀e฀n฀t฀'฀s฀ 
฀m฀o฀t฀i฀o฀n฀ ฀s฀t฀a฀t฀e฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀i฀n฀t฀u฀i฀t฀i฀v฀e฀l฀y฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀t฀h฀e฀ ฀r฀o฀b฀o฀t฀,฀ ฀t฀h฀e฀ 
฀H฀C฀I฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀i฀s฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀d฀e฀s฀i฀g฀n฀ ฀o฀f฀ ฀d฀a฀t฀a฀ 
฀p฀r฀o฀c฀e฀s฀s฀i฀n฀g฀ ฀p฀r฀o฀g฀r฀a฀m฀ ฀a฀r฀e฀ ฀c฀o฀n฀d฀u฀c฀t฀e฀d฀ ฀t฀o฀ ฀m฀a฀k฀e฀ ฀t฀h฀e฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ 
฀d฀i฀s฀p฀l฀a฀y฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀e฀a฀s฀i฀e฀r฀ ฀t฀o฀ ฀r฀e฀a฀d฀.฀ 
฀T฀h฀e฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀a฀r฀e฀:฀ ฀(฀1฀)฀ ฀A฀ ฀H฀C฀I฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ 
฀w฀i฀t฀h฀ ฀l฀o฀w฀ ฀c฀o฀s฀t฀ ฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀l฀y฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀t฀h฀e฀ ฀r฀o฀b฀o฀t฀ ฀a฀n฀d฀ 
฀c฀o฀l฀l฀e฀c฀t฀ ฀t฀h฀e฀ ฀m฀o฀t฀i฀o฀n฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀ i฀s฀ 
฀d฀e฀s฀i฀g฀n฀e฀d฀;฀ ฀(฀2฀)฀ ฀S฀i฀m฀p฀l฀e฀ ฀a฀n฀d฀ ฀i฀n฀t฀u฀i฀t฀i฀v฀e฀ ฀d฀a฀t฀a฀ ฀d฀i฀s฀p฀l฀a฀y฀ ฀p฀r฀o฀v฀i฀d฀e฀s฀ ฀a฀ ฀n i฀c฀e฀ 
฀r฀e฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀t฀h฀e฀r฀a฀p฀i฀s฀t฀s฀ ฀t฀o฀ ฀m฀a฀k฀e฀ ฀a฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀s฀t฀r฀a฀t฀e฀g฀y฀;฀ ฀(฀3฀)฀ 
฀T฀h฀e฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀p฀r฀o฀v฀i฀d฀e฀s฀ ฀t฀h฀e฀ ฀p฀o฀s฀s฀i฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀a฀t฀i฀en t s '฀ 
฀a฀c฀t฀i฀v฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀v฀e฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀r฀o฀b฀o฀t฀.฀ ฀T฀h฀e฀ ฀r฀e฀s฀t฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀i฀s฀ ฀a฀r฀r฀a฀n฀g฀e฀d฀ ฀a฀s฀ ฀f฀o฀l฀l฀o฀w฀s฀:฀ ฀S฀e฀c฀t฀i฀o฀n฀ ฀2฀ 
฀p฀r฀e฀s฀e฀n฀t฀s฀ ฀d฀e฀s฀i฀g฀n฀ ฀d฀e฀t฀a฀i฀l฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀h฀a฀p฀t฀i฀c฀ ฀s฀e฀n฀s฀i฀n฀g฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀.฀ ฀T฀h฀e 
฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀ ฀i฀s฀ ฀c฀a฀r฀r฀i฀e฀d฀ ฀o฀u฀t฀ ฀t฀o฀ ฀v฀e฀r฀i฀f฀y฀ ฀t฀h฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀o฀f฀ ฀t฀h฀e
฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀i฀n฀ ฀S฀e฀c฀t฀i฀o฀n฀ ฀3฀.฀ ฀S฀e฀c฀t฀i฀o฀n฀ ฀4฀ ฀d฀r฀a฀w฀s฀ ฀c฀o฀n฀c฀l฀u฀s฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀a฀p฀e฀r฀.฀ 
฀I฀I฀. ฀M฀A฀T฀E฀R฀I฀A฀L฀S฀ A N฀D฀ M E T฀H฀O฀D฀S฀ 
$ 0HFKDQLVPGHVLJQRIDQNOHUHKDELOLWDWLRQURERW
฀T฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀i฀s฀ ฀o฀n฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀s฀t฀ ฀c฀o฀m฀p฀l฀e฀x฀ ฀s฀k฀e฀l฀e฀t฀o฀n฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀s฀ ฀o f฀ 
฀t฀h฀e฀ ฀h฀u฀m฀a฀n฀ ฀b฀o฀d฀y฀,฀ ฀w฀h฀i฀c฀h฀ ฀p฀l฀a฀y฀s฀ ฀a฀n฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀ ฀r฀o฀l฀e฀ ฀i฀n฀ ฀m฀a฀i฀n฀t฀a฀i฀n฀i฀n฀g฀ 
฀t฀h฀e฀ ฀b฀a฀l฀a฀n฀c฀e฀ ฀o฀f฀ ฀h฀u฀m฀a฀n฀ ฀w฀a฀l฀k฀i฀n฀g฀.฀ ฀T฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀c฀o฀m฀p฀o฀s฀e฀d฀ 
฀o฀f฀ ฀t฀w฀o฀ ฀j฀o฀i฀n฀t฀s฀,฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀.฀ ฀T฀h฀e฀ ฀f฀i฀r฀s฀t฀ ฀i฀s฀ ฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀j฀o฀i฀n฀t฀,  
฀c฀o฀n฀s฀i฀s฀t฀i฀n฀g฀ ฀o฀f฀ ฀t฀h฀e฀ ฀l฀o฀w฀e฀r฀ ฀t฀i฀b฀i฀a฀,฀ ฀t฀h฀e฀ ฀f฀i฀b฀u฀l฀a฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀t฀a฀l฀u฀s฀.฀ ฀T฀h฀e฀ 
฀s฀e฀c฀o฀n฀d฀ ฀j฀o฀i฀n฀t฀ ฀i฀s฀ ฀c฀a฀l฀l฀e฀d฀ ฀t฀h฀e฀ ฀t฀a฀l฀u฀s฀-฀c฀a฀l฀c฀a฀n฀e฀a฀l฀ ฀j฀o฀i฀n฀t฀,฀ ฀w฀h฀i฀ch฀ ฀i฀s  
฀c฀o฀m฀p฀o฀s฀e฀d฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀a฀l฀u฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀c฀a฀l฀c฀a฀n฀e฀a฀l฀.฀ ฀T฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀j฀o฀i฀n฀t฀ ฀ca n  
฀r฀e฀v฀o฀l฀v฀e฀ ฀a฀r฀o฀u฀n฀d฀ ฀t฀h฀e฀ ฀X฀,฀ ฀Y฀,฀ ฀a฀n฀d฀ ฀Z฀ ฀a฀x฀e฀s฀,฀ ฀s฀o฀ ฀m฀a฀n฀y฀ ฀s฀t฀u฀d฀i฀e฀s฀ ฀c฀o฀n฀s฀i฀d฀er  
฀i฀t฀ ฀a฀s฀ ฀a฀ ฀s฀p฀h฀e฀r฀i฀c฀a฀l฀ ฀j฀o฀i฀n฀t฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀f฀o฀r฀m฀ ฀o฀f฀ ฀m฀o฀t฀i฀o฀n฀ ฀i฀s฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀te฀d฀ ฀b฀y฀ 
฀F฀i฀g฀.฀ ฀1฀.฀ ฀M฀a฀t฀t฀a฀c฀o฀l฀a฀ ฀e฀t฀ ฀a฀l฀.฀ ฀p฀o฀i฀n฀t฀e฀d฀ ฀o฀u฀t฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀r฀o฀t฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀ 
฀j฀o฀i฀n฀t฀ ฀a฀r฀o฀u฀n฀d฀ ฀t฀h฀e฀ ฀X฀ ฀a฀x฀i฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀Y฀ ฀a฀x฀i฀s฀ ฀p฀l฀a฀y฀e฀d฀ ฀a฀ ฀m฀a฀j฀o฀r฀ ฀r฀o฀l e฀ i n  
฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀[฀1฀7฀]฀.฀ ฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀a฀i฀m฀i฀n฀g฀ ฀a฀t฀ ฀t฀h฀e฀ ฀a฀n฀k฀le฀ 
฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀m฀o฀d฀e฀l฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀d฀e฀m฀a฀n฀d฀,฀ ฀a฀ ฀t฀w฀o฀ ฀d฀e฀g฀r฀e฀e฀s฀ 
฀o฀f฀ ฀f฀r฀e฀e฀d฀o฀m฀ ฀p฀a฀r฀a฀l฀l฀e฀l฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀d฀r฀i฀v฀e฀n฀ ฀b฀y฀ ฀p฀n฀e฀u฀m฀a฀t฀ic฀ 
฀m฀u฀s฀c฀l฀e฀s฀ ฀(฀P฀M฀s฀)฀ ฀i฀s฀ ฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀.฀ 
฀ 
฀F฀i฀g฀.฀ ฀1฀.฀ ฀S฀k฀e฀l฀e฀t฀a฀l฀ ฀m฀o฀d฀e฀l฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀j฀o฀i฀n฀t฀.฀ 
฀T฀h฀e฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀c฀h฀a฀r฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀i฀n฀ 
฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀i฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀2฀.฀ ฀T฀h฀e฀ ฀r฀o฀b฀o฀t฀ ฀i฀s฀ ฀c฀o฀m฀p฀o฀s฀e฀d฀ ฀o฀f฀ ฀a฀ 
฀m฀o฀v฀a฀b฀l฀e฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀,฀ ฀a฀ ฀f฀i฀x฀e฀d฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀,฀ ฀a฀ ฀s฀u฀p฀p฀o฀r฀t฀i฀n฀g฀ ฀r฀o฀d฀,฀ ฀c฀a฀b฀l฀e฀,฀ 
฀p฀n฀e฀u฀m฀a฀t฀i฀c฀ ฀m฀u฀s฀c฀l฀e฀ ฀a฀n฀d฀ ฀s฀o฀ ฀o฀n฀.฀ ฀I฀t฀ ฀i฀s฀ ฀d฀r฀i฀v฀e฀n฀ ฀b฀y฀ ฀t฀h฀r฀e฀e฀ ฀p฀n฀e฀u฀m฀a฀t฀i฀c฀ 
฀m฀u฀s฀c฀l฀e฀s฀.฀ ฀O฀n฀e฀ ฀e฀n฀d฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀n฀e฀u฀m฀a฀t฀i฀c฀ ฀m฀u฀s฀c฀l฀e฀ ฀i฀s฀ ฀c฀o฀n฀n฀e฀c฀t฀e฀d฀ ฀w฀i฀t฀h฀ 
฀t฀h฀e฀ ฀f฀l฀e฀x฀i฀b฀l฀e฀ ฀w฀i฀r฀e฀ ฀r฀o฀p฀e฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀f฀l฀e฀x฀i฀b฀l฀e฀ ฀c฀a฀b฀l฀e฀ ฀i฀s฀ ฀c฀o฀n฀n฀e฀c฀t฀e฀d฀ ฀w฀i฀t฀h฀ 
฀t฀h฀e฀ ฀m฀o฀v฀a฀b฀l฀e฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀t฀h฀e฀ ฀h฀o฀l฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀f฀i฀x฀e฀d฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀,฀ ฀s฀o฀ 
฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀m฀o฀v฀a฀b฀l฀e฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀ ฀c฀a฀n฀ ฀b฀e฀ ฀d฀i฀r฀e฀c฀t฀l฀y฀ ฀d฀r฀i฀v฀e฀n฀.฀ ฀T฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀e฀n฀d฀ 
฀i฀s฀ ฀c฀o฀n฀n฀e฀c฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀f฀o฀r฀c฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀a฀n฀d฀ ฀f฀i฀x฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀p฀l฀a฀t฀f฀o฀r฀m 
฀f฀r฀a฀m฀e฀,฀ ฀s฀o฀ ฀t฀h฀e฀ ฀a฀c฀q฀u฀i฀s฀i฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀o฀f฀ ฀t฀h฀e฀ ฀f฀o฀r฀c฀e฀ ฀s฀i฀g฀n฀a฀l฀ ฀c฀a฀n฀ ฀b฀e฀ 
฀c฀a฀r฀r i e  o u .  ฀T฀h฀e฀ ฀p฀n฀e฀u฀m a t i฀c฀ ฀m u s c l e  ฀l ฀t฀s฀ ฀t฀h฀e฀ ฀w฀i฀r฀e฀ ฀r฀o฀p฀e฀ ฀f฀l฀e฀xi฀b฀l฀e฀ 
฀m o v e  i n฀ ฀t฀h฀i s  w a y ,  a฀n฀d฀ t฀h e n  d฀r i v e  ฀t฀h฀e฀ ฀m฀o฀v฀i฀n฀g฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀ ฀t฀o฀ 
c o m p l฀e฀t฀e฀ ฀t฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀a฀c฀t฀i฀o฀n฀.฀ ฀S฀i฀n฀c฀e฀ ฀p฀n฀e฀u฀m฀a฀t฀i฀c฀ ฀m฀u฀s฀c฀l฀e฀ 
฀c฀a฀n฀ ฀o฀n฀l฀y฀ ฀e฀x e r t  ฀o n e  ฀w a y  p u฀l l  i n  p a r฀a฀l฀l฀e฀l฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀,฀ ฀a฀ ฀r฀e฀d฀u฀n฀d฀a n t  
฀d฀r฀i฀v฀e฀ ฀m u฀s฀t฀ ฀b฀e  a d d฀e  t o  ฀a฀c h i e฀v฀e฀ t฀h฀e฀ ฀f฀o฀r฀c฀e฀ ฀c฀l฀o฀s฀u฀r฀e฀ ฀o฀f฀ ฀t฀h฀e฀ 
p l a t฀f฀o฀r฀m .฀ ฀T h e r฀e฀f฀o฀r฀e฀,  ฀t h e  t w฀o฀ ฀m฀o฀t฀i฀o฀n฀ ฀d฀e฀g฀r฀e฀e฀s฀ ฀o฀f฀ ฀f฀r฀e฀e฀d฀o฀m฀ ฀a฀r฀e฀ 
฀d฀r i v฀e฀n฀ ฀b฀y฀ ฀t฀h฀r e  p n e฀u฀m฀a฀t฀i฀c฀ ฀m฀u฀s฀c฀l฀e฀s฀.฀ ฀T฀h฀e฀ ฀p฀n฀e฀u฀m฀a฀t฀i฀c฀ ฀m฀u฀s฀c฀l฀e฀ ฀i฀s฀ 
฀a฀l฀s฀o฀ ฀e฀q฀u฀i฀p฀p฀e฀d฀ ฀w฀i฀t฀h฀ ฀a฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀s฀e฀n฀s฀o฀r฀ ฀a฀t฀ ฀i฀t฀s฀ ฀m฀o฀v฀i฀n฀g฀ ฀e฀n฀d฀ ฀t฀o฀ 
฀m฀e฀a฀s฀u฀r฀e฀ ฀t฀h฀e฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀.฀ 
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฀F฀i฀g฀.฀ ฀2฀.฀ ฀M฀e฀c฀h฀a฀n฀i฀s฀m฀ ฀d฀e฀s฀i฀g฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t.฀ 
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T h e฀ h฀a฀r฀d฀w฀a฀r฀e฀ ฀s฀y฀s฀t฀e฀m  c฀o฀n฀s฀i฀s฀t฀s  o f  a  ฀v฀a฀r฀i฀e฀t฀y฀ ฀o฀f฀ ฀s฀e฀n฀s฀o฀r฀s฀ ฀a฀n฀d฀ 
฀t฀h฀e฀i฀r฀ ฀p e฀r i฀p฀h฀e฀r a฀l฀ c i฀r฀c฀u฀i฀t฀s฀,  ฀i n฀c฀l฀u฀d฀i฀n฀g฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀s฀,฀ ฀a฀n฀g฀l฀e฀ 
s e n s o r s  ฀a฀n฀d฀ d i s p l a c e m e n฀t  s฀e฀n฀s฀o฀r฀s฀.฀ ฀T฀h฀e฀ ฀o฀r฀i฀g฀i฀n฀a฀l฀ ฀s฀i฀g฀n฀a฀l฀s฀ 
฀c฀o฀l฀l e฀c฀t e d  b฀y฀ ฀t฀h฀e฀s฀e฀ ฀s฀e฀n฀s฀o฀r฀s฀ ฀a฀r฀e฀ ฀a฀m p l฀i฀f฀i฀e฀d฀ ฀a฀n฀d฀ ฀f฀i฀l฀t฀e฀r฀e฀d฀ ฀b฀y฀ ฀t฀h฀e  
฀c฀o r฀r฀e฀s฀p฀o฀n d i฀n฀g  p฀e r฀i p h e r a l  c i r c u i t฀.฀ ฀A n d฀ ฀t฀h฀e฀n฀ ฀t฀h฀e฀s฀e฀ ฀s฀i฀g฀n฀a฀l฀ ฀a฀r฀e฀ 
t r a฀n฀s m i t t e d  ฀t o  t h฀e  c฀o฀m฀p u t e r  t h r o u g h฀ ฀t฀h฀e฀ ฀R฀o฀b฀o฀R฀I฀O฀ ฀t฀o฀ ฀b฀e฀ 
฀p฀r฀o฀c฀e฀s฀s฀e฀d  ฀a฀n d  a n a l y฀z฀e฀d฀.฀ ฀ 
฀ ฀ ฀P฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀ 
฀ ฀T฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀c฀o฀n฀v฀e฀r฀t฀s฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀t฀o฀ ฀e฀l฀e฀c฀t฀r฀i฀c฀a฀l฀ 
฀s฀i฀g฀n฀a฀l฀s฀.฀ ฀I฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀,฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀m฀o฀d฀u฀l฀e฀ ฀i฀s฀ ฀u฀s฀e฀d฀ ฀t฀o฀ 
฀m฀e฀a฀s฀u฀r฀e฀ ฀t฀h฀e฀ ฀p฀l฀a฀n฀t฀a฀r฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀,฀ ฀s฀o฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀m฀u฀s฀t฀ ฀b฀e฀ 
฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀s฀o฀l฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀f฀o฀o฀t฀.฀ ฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀m฀e฀a฀s฀u฀r฀e฀ ฀t฀h฀e฀ 
฀p฀r฀e฀s฀s฀u฀r฀e฀,฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀r฀e฀q฀u฀i฀r฀e฀s฀ ฀s฀m฀a฀l฀l฀ ฀s฀i฀z฀e฀ ฀w฀i฀t฀h฀ ฀h฀i฀g฀h฀ 
฀f฀l฀e฀x฀i฀b฀i฀l฀i฀t฀y฀ ฀a฀n฀d฀ ฀e฀a฀s฀y฀ ฀i฀n฀s฀t฀a฀l฀l฀a฀t฀i฀o฀n฀.฀ ฀I฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀,฀ ฀t฀h฀e฀ ฀F฀l฀e฀x฀i F฀o฀r฀c฀e฀ 
฀A฀2฀0฀1฀-฀1฀0฀0฀ ฀t฀h฀i฀n฀ ฀f฀i฀l฀m฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀s฀ ฀u฀s฀e฀d฀.฀ ฀I฀f฀ ฀t฀h฀e฀ ฀c฀o฀n฀d฀u฀c฀t฀i฀v฀i฀t฀y฀ 
฀i฀s฀ V5฀/1 V ฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀e฀s฀t฀e฀d฀ ฀f฀o฀r฀c฀e฀ ฀i฀s฀ ) ฀,฀ ฀T฀h฀e  a p p r x i m฀a฀t฀e฀ 
฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀c฀o฀n฀d฀u฀c฀t฀i฀v฀i฀t฀y฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀f฀o฀r฀c฀e฀ ฀i฀s฀ ฀[฀1฀8฀]฀:฀ 
฀ ฀8฀3 ฀1฀0฀3฀7฀8.3฀4฀4.฀4฀1฀2฀0
฀1฀0฀0฀1฀8.0  u|u
u )V ฀ ฀฀฀฀฀฀฀ ฀ 
฀T฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀c฀o฀l฀l฀e฀c฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀s฀ ฀n฀o฀t฀ ฀c฀o฀n฀d฀u฀c฀i฀v฀e฀ ฀t฀o฀ 
฀t฀h฀e฀ ฀d฀i฀r฀e฀c฀t฀ ฀a฀c฀q฀u฀i฀s฀i฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀t฀r฀a฀n฀s฀m฀i฀s฀s฀i฀o฀n฀,฀ ฀s฀o฀ ฀i฀t฀ ฀i฀s฀ ฀n฀e฀c฀e฀s฀s฀a฀r฀y฀ ฀t o฀ u s e  
฀t฀h฀e฀ ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀a฀l฀ ฀a฀m฀p฀l฀i฀f฀i฀e฀r฀ ฀t฀o฀ ฀a฀m฀p฀l฀i฀f฀y฀ ฀t฀h฀e฀ ฀s฀i฀g฀n฀a฀l฀ ฀t฀o฀ ฀c฀o฀l฀l฀e฀c฀t฀ ฀t฀h฀e  
฀o฀u฀t฀p฀u฀t฀ ฀v฀o฀l฀t฀a฀g฀e฀ ฀s฀i฀g฀n฀a฀l฀s฀.฀ ฀T฀h฀e฀ ฀p฀h฀y฀s฀i฀c฀a฀l฀ ฀m฀a฀p฀ ฀i฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀3฀ ฀a฀n฀d฀ 
฀t฀h฀e฀ ฀p฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀d฀i฀a฀g฀r฀a฀m฀ ฀i฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀4฀.฀ ฀ 
฀ 
฀F฀i฀g .  ฀3฀.  ฀P฀h฀y฀s i฀c฀a฀l฀ m a฀p฀ ฀o฀f  ฀t฀h฀e  ฀p฀r฀e s฀s฀u฀r฀e  ฀s฀e฀n฀s o r .฀ 
฀ 
฀ ฀F฀i฀g฀.฀ ฀4฀.฀ ฀P฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀d฀i฀a฀g฀r฀a฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀. 
฀I฀n฀ ฀t฀h฀i฀s฀ ฀c฀i฀r฀c฀u฀i฀t฀,฀ ฀t฀h฀e฀ ฀v฀o฀l฀t฀a฀g฀e฀ ฀o฀f฀ ฀-฀5฀V฀ ฀i฀s฀ ฀u฀s฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀e฀x฀c฀i฀t฀a฀t฀i฀o฀n฀ ฀o฀f฀ 
฀t฀h฀e฀ ฀s฀e฀n฀s฀o฀r฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀a฀l฀ ฀a฀m฀p฀l฀i฀f฀i฀e฀r฀ ฀u฀s฀e฀s฀ ฀a฀ ฀r฀e฀v฀e฀r฀s฀e฀ 
฀p฀r฀o฀p฀o฀r฀t฀i฀o฀n฀a฀l฀ ฀a฀m฀p฀l฀i฀f฀i฀c฀a฀t฀i฀o฀n฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀,฀ ฀s฀o฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀o฀u฀t฀p฀u฀t฀ ฀i฀s฀ 
฀c฀o฀n฀v฀e฀r฀t฀e฀d฀ ฀t฀o฀ ฀a฀ ฀p฀o฀s฀i฀t฀i฀v฀e฀ ฀v฀o฀l฀t฀a฀g฀e฀ ฀s฀i฀g฀n฀a฀l฀ ฀o฀u฀t฀p฀u฀t฀.฀ ฀T฀h฀r฀o฀u฀g฀h฀ ฀t฀h฀e฀ 
฀p฀i฀c฀t฀u฀r฀e฀,฀ ฀w฀e฀ ฀c฀a฀n฀ ฀g฀e฀t฀ ฀t฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀r฀e฀s฀i฀s฀t฀a฀n฀c฀e฀ ฀o฀f฀ 
฀t฀h฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀o฀u฀t฀p฀u฀t฀ ฀v฀o฀l฀t฀a฀g฀e฀:฀ 
฀ 
6
)
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599  ฀ ฀฀฀฀฀฀฀ ฀ ฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀ ฀฀฀฀฀฀฀ ฀฀฀฀฀฀฀ 
฀I฀n฀ ฀t฀h฀i฀s฀ ฀e฀q฀u฀a฀t฀i฀o฀n฀,฀ )5 ฀i฀s฀ ฀n฀o฀t฀ ฀i฀n f฀l฀u฀e฀n฀c฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀.฀ 
฀W฀h฀e฀n฀ ฀t฀h฀e฀ ฀v฀o฀l฀t฀a฀g฀e฀ ฀i฀s฀ ฀d฀e฀t฀e฀r฀m฀i฀n฀e฀d฀,฀ ฀w฀e฀ ฀c฀a฀n฀ ฀g฀e฀t฀ ฀t฀h฀e฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i p฀ 
฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀i฀n฀p฀u฀t฀ ฀v฀o฀l฀t฀a฀g฀e฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀o฀u฀t฀ ฀v฀o฀l฀t฀a฀g฀e฀ ฀a฀c฀c฀o฀r฀d฀i฀n฀g฀ ฀t฀o฀ ฀t฀h฀e฀ 
฀a฀b฀o฀v฀e฀ ฀e฀q฀u฀a฀t฀i฀o฀n฀.฀ 
฀A฀n฀g฀l฀e฀ ฀s฀e฀n฀s฀o฀r฀ 
฀T฀h฀e฀ ฀t฀i฀l฀t฀ ฀s฀e฀n฀s฀o฀r฀ ฀m฀o฀d฀u฀l฀e฀ ฀i฀s฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀m฀e฀a฀s฀u฀r฀e฀ ฀a฀n฀k฀l฀e฀ ฀a฀n฀g฀l฀e฀ 
฀d฀u฀r฀i฀n฀g฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀.฀ ฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀a฀c฀c฀u฀r฀a฀t฀e฀l฀y฀ ฀m฀e฀a฀s฀u฀r฀e฀ ฀t฀h฀e฀ 
฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀a฀n฀g฀l฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀,฀ ฀i฀t฀ ฀i฀s฀ ฀n฀e฀c฀e฀s฀s฀a฀r฀y฀ ฀t฀o฀ ฀i฀n฀s฀t฀a฀l฀l฀ ฀t฀h฀e฀ ฀t฀i฀l฀t  
฀s฀e฀n฀s฀o฀r฀ ฀o฀n฀ ฀t฀h฀e฀ ฀m฀o฀v฀i฀n฀g฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t.฀ 
฀B฀e฀c฀a฀u฀s฀e฀ ฀t฀w฀o฀ ฀D฀O฀F฀s฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀r฀o฀b฀o฀t฀,฀ ฀t฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀n฀e฀e฀d฀s฀ ฀t฀o฀ 
฀m฀e฀a฀s฀u฀r฀e฀ ฀a฀n฀g฀l฀e฀s฀ ฀i฀n฀ ฀a฀t฀ ฀l฀e฀a฀s฀t฀ ฀t฀w฀o฀ ฀d฀i฀r฀e฀c฀t฀i฀o฀n฀s฀.฀ ฀I฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀,฀ ฀t฀h฀e 
฀S฀C฀A฀1฀0฀0฀T฀-฀D฀0฀2฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀s฀ ฀u฀s฀e฀d฀.฀ ฀I฀t฀s฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀c฀i฀r฀c฀u฀i฀t฀ ฀d฀i฀a฀g฀r฀a฀m 
฀a฀n฀d฀ ฀t฀h฀e฀ ฀p฀h฀y฀s฀i฀c฀a฀l฀ ฀m฀a฀p฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀5฀ ฀a฀n฀d฀ ฀F฀i฀g฀.฀ ฀6฀.฀ ฀A฀c฀c฀o฀r฀d฀i฀n฀g฀ 
฀t฀o฀ ฀t฀h฀e฀ ฀d฀a฀t฀a฀ ฀m฀a฀n฀u฀a฀l฀,฀ ฀t฀h฀e฀ ฀e฀q฀u฀a฀t฀i฀o฀n฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀a฀n฀a฀l฀o฀g฀ ฀v฀o฀l฀t฀a฀g฀e฀ a n d  
฀a฀n฀g฀l฀e฀ ฀i฀s฀:฀ 
฀ ¸¸¹
·
¨¨©
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2IIVHW9287฀a฀r฀c฀s฀i฀nD ฀ ฀฀฀฀฀฀฀ ฀ ฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀฀ ฀฀฀฀฀฀฀ ฀฀฀฀฀฀฀ 
฀I฀n฀ ฀t฀h฀i฀s฀ ฀e฀q฀u฀a฀t฀i฀o฀n฀,฀ 2IIVHW i s  t h e  o u฀t฀p฀u฀t฀ ฀v฀o฀l฀t฀a฀g฀e฀ ฀a฀t฀ ฀0ć ( 5 V฀) .  
\6HQVLWLYLW ฀i฀s฀ ฀c฀h฀i฀p฀ ฀s฀e฀n฀s฀i฀t฀i฀v฀i฀t฀y฀ ฀(฀2฀V฀/฀g฀)฀.฀ 2879 ฀ i s  t h฀e฀ ฀a฀n฀a l o g฀ 
฀o฀u฀t฀p฀u฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀h฀i฀p฀.฀ 
฀ 
฀F฀i฀g฀.฀ ฀5฀.฀ ฀P฀r฀i฀n฀c฀i฀p฀l฀e฀ ฀d฀i฀a฀g฀r฀a฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀s฀e฀n฀s฀o฀r฀ 
฀ 
฀F฀i฀g฀.฀ ฀6฀.฀ ฀P฀h฀y฀s฀i฀c฀a฀l฀ ฀m฀a฀p฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀s฀e฀n฀s฀o฀r฀ 
฀D฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀s฀e฀n฀s฀o฀r฀ 
  T฀h฀e  d i s p l a c e m฀e n t  s e฀n฀s฀o฀r฀ ฀c฀o฀n฀v฀e฀r฀t฀s฀ ฀t฀h฀e฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ 
c h a฀n฀g฀e฀ ฀i฀n฀t o฀ ฀t฀h฀e฀ ฀v฀o฀l฀t฀a฀g฀e฀ ฀s฀i฀g฀n฀a฀l฀ ฀o฀u฀t฀p฀u฀t฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀ ฀c฀a฀n฀ 
฀b฀e฀ ฀d฀i฀v฀i฀d฀e฀d฀ ฀i฀n฀t฀o฀ ฀t฀h฀e฀ ฀p฀h฀y฀s฀i฀c฀a฀l฀ ฀s฀i฀z฀e฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀m฀e฀c฀h฀a฀n฀i฀c฀a฀l฀ 
฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀.฀ ฀T฀h฀e฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀i฀s฀ ฀u฀s฀e฀d฀ ฀t฀o฀ 
฀m฀e฀a฀s฀u฀r฀e฀ ฀t฀h฀e฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀n฀e฀u฀m฀a฀t฀i฀c฀ ฀m฀u฀s฀c฀l฀e฀.฀ ฀T฀h฀e฀ 
฀a฀d฀o฀p฀t฀e฀d฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀s฀ ฀K฀T฀C฀1฀5฀0฀.฀ ฀A฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀7฀,฀ ฀t฀h฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀s฀ 
฀u฀s฀e฀d฀ ฀f฀o฀r฀ ฀a฀c฀c฀u฀r฀a฀t฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀ ฀o฀f฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀o฀r฀ ฀l฀e฀n฀g฀t฀h฀,฀ ฀w i t฀h฀ 
฀a฀ ฀r฀a฀n฀g฀e฀ ฀o฀f฀ ฀1฀2฀5฀0฀m฀m฀,฀ ฀l฀i฀n฀e฀a฀r฀i฀t฀y฀ ฀o฀f฀ ฀0฀.฀0฀8฀%฀ ฀a฀n฀d฀ ฀r฀e฀p฀e฀a฀t฀a฀b฀i฀l฀i฀t฀y฀ 
฀a฀c฀c฀u฀r฀a฀c฀y฀ ฀o฀f฀ ฀0฀.฀0฀1฀m฀m฀.฀ ฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀e฀n฀s฀u฀r฀e฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀f฀o฀r฀c฀e฀ ฀i฀s฀ 
฀a฀l฀w฀a฀y฀s฀ ฀t฀o฀w฀a฀r฀d฀ ฀t฀h฀e฀ ฀a฀x฀i฀a฀l฀ ฀d฀i฀r฀e฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀t฀i฀e฀ ฀r฀o฀d฀,฀ ฀t฀h฀e฀ ฀se n s o r r o d฀ 
฀i฀s฀ ฀c฀o฀n฀n฀e฀c฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀a฀ ฀b฀a฀l฀l฀ ฀t฀w฀i฀s฀t฀ ฀t฀o฀ ฀o฀v฀e฀r฀c฀o฀m฀e฀ ฀t฀h฀e฀ ฀p฀a฀r฀t฀i฀a฀l฀ ฀t฀o฀r฀q฀u฀e฀ 
฀g฀e฀n฀e฀r฀a฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀t฀i฀l฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀r฀i฀v฀e฀ ฀r฀o฀d฀.฀ ฀ 
฀ 
฀F฀i g .฀ ฀7฀.  ฀D฀i฀s p฀l฀a฀c฀e m e n t฀ ฀s e n s฀o฀r฀ 
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  I n  t h i s  p a฀p r ,  L a b V฀I฀E฀W  i s  ฀u฀s฀e฀d฀ ฀t฀o฀ ฀w฀r฀i฀t฀e฀ ฀t฀h฀e฀ ฀h฀o฀s฀t฀ 
฀c฀o฀m฀p฀u฀t฀e฀r฀ ฀s฀o฀f฀t฀w฀a฀r฀e฀ ฀s฀y฀s฀t฀e฀m฀.฀ ฀L฀a฀b฀V฀I฀E฀W฀ ฀h฀a฀s฀ ฀a฀ ฀h฀u฀g฀e฀ ฀d฀a฀t฀a฀b฀a฀s฀e฀,฀ 
฀w฀i฀t฀h฀ ฀d฀a฀t฀a฀ ฀a฀c฀q฀u฀i฀s฀i฀t฀i฀o฀n฀,฀ ฀s฀e฀r฀i฀a฀l฀ ฀c฀o฀n฀t฀r฀o฀l฀,฀ ฀d฀a฀t฀a฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀,฀ ฀d฀a฀t฀a฀ ฀s t฀o฀r฀a฀g฀e฀,฀ 
฀d฀a฀t฀a฀ ฀d฀i฀s฀p฀l฀a฀y฀ ฀a฀n฀d฀ ฀o฀t฀h฀e฀r฀ ฀s฀u฀b฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀s฀e฀t฀s฀.฀ ฀T฀h฀e฀ ฀s฀o฀f฀t฀w฀a฀r฀e฀ ฀s฀y฀s฀t฀e฀m฀ 
฀i฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀i฀s฀ ฀m฀a฀i฀n฀l฀y฀ ฀c฀o฀m฀p฀o฀s฀e฀d฀ ฀o฀f฀ ฀a฀ ฀d฀a฀t฀a฀ ฀a฀c฀q฀u฀i฀s฀i฀t฀i฀o฀n฀ ฀m฀o฀d฀u฀l฀e฀,฀ 
฀a฀ ฀H฀C฀I฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀m฀o฀d฀u฀l฀e฀ ฀a฀n฀d฀ ฀a฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀m฀e฀t฀h฀o฀d฀ ฀i฀m฀p฀l฀e฀m฀e฀n฀t฀a฀t฀i฀o฀n 
฀m฀o฀d฀u฀l฀e฀.฀ ฀T฀h฀e฀ ฀d฀a฀t฀a฀ ฀a฀c฀q฀u฀i฀s฀i฀t฀i฀o฀n฀ ฀m฀o฀d฀u฀l฀e฀ ฀p฀r฀o฀c฀e฀s฀s฀e฀s฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ 
s฀i g n฀a฀l฀,  t h e  ฀a฀n฀g฀l฀e฀ ฀s฀i฀g฀n฀a฀l฀ ฀a฀n฀d฀ ฀o฀t฀h฀e฀r฀ ฀o฀r฀i฀g฀i฀n฀a฀l฀ ฀s฀i฀g฀n฀a฀l฀ ฀t฀h฀a฀t฀ ฀a฀r฀e฀ 
c o l l฀e฀c฀t฀e d฀.฀ ฀T฀h฀e฀ ฀o฀r฀i฀g฀i฀n฀a฀l฀ ฀s฀i฀g฀n฀a฀l฀ ฀c฀o฀l฀l฀e฀c฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀w฀i฀l฀l฀ ฀h฀a฀v e  
฀c฀e฀r฀t฀a฀i฀n฀ ฀n฀o฀i฀s฀e฀.฀ ฀T฀h฀e฀ ฀s฀i฀g฀n฀a฀l฀ ฀a฀f฀t฀e฀r฀ ฀p฀r฀o฀c฀e฀s฀s฀e฀d฀ ฀n฀e฀e฀d฀s฀ ฀t฀o฀ ฀b฀e฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀ 
฀b฀y฀ ฀s฀o฀m฀e฀ ฀m฀e฀t฀h฀o฀d฀s฀ ฀s฀o฀ ฀t฀h฀a฀t฀ ฀w฀e฀ ฀c฀a฀n฀ ฀o฀b฀t฀a฀i฀n฀ ฀t฀h฀e฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀w฀e฀ ฀n฀e฀e฀d฀.฀ 
฀T฀h฀e฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀i฀n฀c฀l฀u฀d฀e฀s฀ ฀a฀ ฀r฀e฀a฀l฀-฀t฀i฀m฀e฀ ฀d฀i฀s฀p฀l฀a฀y฀ ฀m฀o฀d฀u฀l฀e฀ ฀a฀n฀d฀ ฀a฀ ฀c฀on t r o l  
฀m฀o฀d฀u฀l฀e฀.฀ ฀T฀h฀e฀ ฀s฀y฀s฀t฀e฀m฀ ฀c฀a฀n฀ ฀c฀o฀l฀l฀e฀c฀t฀ ฀t฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀s฀i฀g฀n฀a฀l฀ ฀i฀n฀ ฀r฀e฀a฀l฀ ฀t฀i฀m฀e฀.  
฀M฀e฀a฀n฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀s฀i฀g฀n฀a฀l฀ ฀c฀a฀n฀ ฀b฀e฀ ฀u฀s฀e฀d฀ ฀a฀s฀ ฀f฀e฀e฀d฀b฀a฀c฀k฀ ฀t฀o฀ ฀t฀h฀e฀ ฀p฀a฀t฀i฀e฀n฀t฀s 
฀o฀n฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀a฀f฀t฀e฀r฀ ฀p฀r฀o฀c฀e฀s฀s฀e฀d฀ ฀d฀a฀t฀a฀ ฀a฀c฀q฀u฀i฀s฀i฀t฀i฀o฀n฀ 
฀m฀o฀d฀u฀l฀e฀.฀ ฀P฀a฀t฀i฀e฀n฀t฀s฀ ฀c฀a฀n฀ ฀u฀s฀e฀ ฀t฀h฀e฀ ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀ ฀m฀o฀d฀u฀l฀e฀ ฀t฀o฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀t฀h฀e฀ 
฀r฀o฀b฀o฀t฀ ฀t฀o฀ ฀r฀e฀a฀l฀i฀z฀e฀ ฀t฀h฀e฀ ฀p฀a฀s฀s฀i฀v฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀.฀ ฀T฀h฀e฀ 
฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀i฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀8฀.฀ 
฀ ฀T฀h฀e฀ ฀m฀a฀i฀n฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀c฀o฀n฀t฀r฀o฀l฀ 
฀m฀o฀d฀u฀l฀e฀ ฀i฀s฀ ฀t฀o฀ ฀a฀c฀h฀i฀e฀v฀e฀ ฀t฀h฀e฀ ฀r฀o฀b฀o฀t฀ ฀o฀n฀/฀o฀f฀f฀ ฀c฀o฀n฀t฀r฀o฀l฀,฀ ฀t฀h฀e฀ 
฀d฀o฀r฀s฀i฀f฀l฀e฀x฀i฀o฀n฀/฀p฀l฀a฀n฀t฀a฀r฀f฀l฀e฀x฀i฀o฀n฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀i฀n฀v฀e฀r฀s฀i฀o฀n฀/฀e฀v฀e฀r฀s฀io n  
฀c฀o฀n฀t฀r฀o฀l฀.฀ ฀T฀h฀e฀ ฀t฀r฀a฀j฀e฀c฀t฀o฀r฀y฀ ฀t฀r฀a฀c฀k฀i฀n฀g฀ ฀o฀f฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀i฀s฀ 
฀a฀c฀h฀i฀e฀v฀e฀d฀ ฀b฀y฀ ฀p฀r฀o฀g฀r฀a฀m฀m฀i฀n฀g฀,฀ ฀r฀e฀a฀l฀i฀z฀i฀n฀g฀ ฀s฀t฀a฀b฀l฀e฀ ฀a฀n฀d฀ ฀s฀m฀o฀o฀t฀h฀ ฀r฀o฀b฀o฀t฀ 
c฀o฀n t r o฀l฀.  I n฀ o r฀d฀e r  ฀t฀o฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀t฀h฀e฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀o฀b฀o฀t฀,฀ ฀P฀I฀D฀ 
฀c฀o฀n฀t฀r฀o฀l฀ ฀m฀e฀t฀h฀o฀d฀ ฀i฀s฀ ฀a฀p฀p฀l฀i฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀.฀ 
฀ 
฀F฀i฀g฀.฀ ฀8฀.฀ ฀R฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀.
฀I฀I฀I฀. ฀E X฀P฀E฀R฀I฀M฀E฀N฀T฀S A฀N฀D฀ R฀E฀S฀U฀L฀T฀S฀ 
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฀B฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀o฀f฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀v฀e฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀f฀o฀r฀ 
฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀,฀ ฀t฀h฀e฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀ ฀h฀u฀m฀a฀n฀-
฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀h฀a฀p฀t฀i฀c฀ ฀s฀e฀n฀s฀o฀r฀ ฀w฀a฀s฀ ฀t฀e฀s฀t฀e฀d  
฀o฀n฀ ฀t฀h฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀,฀ ฀s฀o฀ ฀a฀s฀ ฀t฀o฀ 
฀v฀e฀r฀i฀f฀y฀ ฀i฀t฀s฀ ฀p฀r฀a฀c฀t฀i฀c฀a฀b฀i฀l฀i฀t฀y฀.฀ ฀E฀a฀c฀h฀ ฀s฀e฀n฀s฀o฀r฀ ฀w฀a฀s฀ ฀i฀n฀s฀t฀a฀l฀l฀e฀d฀ ฀a฀t฀ ฀t฀h฀e฀ 
฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀h฀a฀d฀ ฀b฀e฀e฀n฀ ฀c฀a฀l฀i฀b฀r฀a฀t฀e฀d฀ ฀i฀n฀ ฀a฀ 
฀s฀t฀a฀t฀i฀c฀ ฀s฀t฀a฀t฀e฀ ฀b฀e฀f฀o฀r฀e฀ ฀t฀h฀e฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀.฀ ฀T฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀p฀o฀s฀i฀ti฀o฀n  
฀o฀f฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀s฀ ฀a฀t฀ ฀t฀h฀e฀ ฀f฀o฀o฀t฀ ฀b฀o฀t฀t฀o฀m฀ ฀i฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ 
฀9฀.฀ ฀T฀h฀e฀ ฀s฀u฀b฀j฀e฀c฀t฀ ฀s฀a฀t฀ ฀o฀n฀ ฀a฀ ฀h฀i฀g฀h฀l฀y฀ ฀s฀u฀i฀t฀a฀b฀l฀e฀ ฀c฀h฀a฀i฀r฀ ฀a฀n฀d฀ ฀p฀l฀a฀c฀e฀d฀ ฀t฀h฀e฀i฀r฀ 
฀r฀i฀g฀h฀t฀ ฀f฀o฀o฀t฀ ฀o฀n฀ ฀t฀h฀e฀ ฀m฀o฀v฀i฀n฀g฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ 
฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀0฀.฀ ฀T฀h฀e฀ ฀r฀o฀b฀o฀t฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀R฀o฀b฀o฀R฀I฀O฀ ฀c฀o฀n฀t฀r฀o฀l฀l฀e฀r฀ ฀w฀a฀s฀ 
฀u฀s฀e฀d฀ ฀t฀o฀ ฀c฀a฀r฀r฀y฀ ฀o฀u฀t฀ ฀t฀h฀e฀ ฀p฀a฀s฀s฀i฀v฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀ ฀f฀o฀r฀ ฀t฀h฀e฀ 
฀s฀u฀b฀j฀e฀c฀t฀.฀ ฀T฀o฀ ฀e฀n฀s฀u฀r฀e฀ ฀t฀h฀e฀ ฀s฀a฀f฀e฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀u฀b฀j฀e฀c฀t฀,฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m฀u฀m฀ 
฀m฀o฀t฀i฀o฀n฀ ฀a฀n฀g฀l฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀o฀b฀o฀t฀ ฀i฀n฀ ฀a฀l฀l฀ ฀d฀i฀r฀e฀c฀t฀i฀o฀n฀s฀ ฀i฀s฀ ฀1฀0฀ ฀d฀e฀g฀r฀e฀e฀s฀.฀ ฀T฀h฀e฀ 
฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀o฀f฀ ฀d฀o฀r฀s฀i฀f฀l฀e฀x฀i฀o฀n฀-฀p฀l฀a฀n฀t฀a฀r฀f฀l฀e฀x฀i฀o฀n฀-฀e฀v฀e฀r฀s฀i฀o฀n฀-฀i฀n฀v฀e฀r฀s฀i฀o฀n฀ ฀i฀s฀ 
฀a฀ ฀g฀r฀o฀u฀p฀ ฀o฀f฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀s฀ ฀i฀n฀ ฀t฀u฀r฀n฀.฀ ฀A฀t฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀t฀i฀m฀e฀,฀ ฀t฀h฀r฀e฀e฀ ฀k฀id s  o฀f฀ 
฀s฀i฀g฀n฀a฀l฀s฀:฀ ฀f฀o฀o฀t฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀,฀ ฀a฀n฀k฀l฀e฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀a฀n฀g฀l฀e฀ ฀a฀n฀d฀ ฀p฀n฀e฀u฀m฀a฀ti฀c
฀m฀u฀s฀c฀l฀e฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀w฀e฀r฀e฀ ฀c฀o฀l฀l฀e฀c฀t฀e฀d฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀z฀e฀d,  
฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ ฀b฀e฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀v฀e฀r฀i฀f฀y฀ ฀t฀h฀e฀ ฀f฀e฀a฀s฀i฀b฀i฀l฀i฀t฀y฀ ฀a฀n฀d฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀n฀e฀s฀s฀ ฀o฀f฀ 
฀t฀h฀e฀ ฀H฀C฀I฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀.฀ 
฀P฀o฀s฀i฀t฀i฀o฀n฀ ฀1
฀P฀o฀s฀i฀t฀i฀o฀n฀ ฀2
฀P฀l฀a฀t฀f฀o฀r฀m฀ 
฀c฀e฀n฀t฀e฀r
฀ 
฀F฀i฀g฀.฀ ฀9฀.฀ ฀P฀o฀s฀i฀t฀i฀o฀n฀ ฀o฀f฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀s฀.฀ 
฀A฀n฀g฀l฀e฀ ฀S฀e฀n฀s฀o฀r
฀P฀r฀e฀s฀s฀u฀r฀e฀ ฀S฀e฀n฀s฀o฀r
฀D฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ 
฀S฀e฀n฀s฀o฀r
฀P฀n฀e฀u฀m฀a฀t฀i฀c฀ 
฀M฀u฀s฀c฀l฀e
฀ 
฀F฀i฀g฀.฀ ฀1฀0฀.฀ ฀E฀x฀p฀e฀r฀i฀m฀e฀n฀t฀ ฀s฀e฀t฀u฀p฀. 
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฀I฀n฀ ฀t฀h฀e฀ ฀p฀a฀s฀s฀i฀v฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀,฀ ฀t฀h฀e฀ ฀s฀u฀b฀j฀e฀c฀t฀'฀s฀ 
฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀i฀s฀ ฀i฀n฀ ฀a฀ ฀c฀o฀m฀p฀l฀e฀t฀e฀l฀y฀ ฀p฀a฀s฀s฀i฀v฀e฀ ฀s฀t฀a฀t฀e฀.฀ ฀T฀h฀e฀ ฀r฀o฀b฀o฀t฀ ฀c฀a฀r฀r i e s  
฀t฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀s฀u฀b฀j฀e฀c฀t฀.฀ ฀E฀x฀p฀e฀r฀i฀m฀e฀n฀t฀ ฀w฀a฀s฀ 
฀c฀o฀n฀d฀u฀c฀t฀e฀d฀ ฀u฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀b฀u฀t฀t฀o฀n฀ ฀o฀f฀ ฀d฀o฀r฀s฀i฀f฀l฀e฀x฀i฀o฀n฀-
฀p฀l฀a฀n฀t฀a฀r฀f฀l฀e฀x฀i฀o฀n฀-฀e฀v฀e฀r฀s฀i฀o฀n฀-฀i฀n฀v฀e฀r฀s฀i฀o฀n฀.฀ ฀T฀h฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀s฀ ฀i฀n฀ ฀t฀h฀e฀ 
฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀p฀r฀o฀c฀e฀s฀s฀ ฀o฀f฀ ฀e฀a฀c฀h฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀d฀i฀s฀p฀l฀a฀y฀e฀d฀ ฀i฀n฀ 
฀r฀e฀a฀l฀ ฀t฀i฀m฀e฀ ฀o฀n฀ ฀t฀h฀e฀ ฀h฀u฀m฀a฀n฀-฀c฀o฀m฀p฀u฀t฀e฀r฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀i฀g฀.฀ ฀1฀1฀.฀ 
฀I฀n฀ ฀t฀h฀e฀ ฀c฀a฀l฀i฀b฀r฀a฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀i฀n฀v฀e฀r฀s฀i฀o฀n฀ ฀a฀n฀g฀l฀e฀ ฀o฀f฀ ฀X฀ ฀d฀i฀r฀e฀c฀t฀i฀o฀n฀ ฀i฀s฀ ฀n฀e฀g฀a฀ti v e ,  
฀t฀h฀e฀ ฀e฀v฀e฀r฀s฀i฀o฀n฀ ฀a฀n฀g฀l฀e฀ ฀i฀s฀ ฀p฀o฀s฀i฀t฀i฀v฀e฀;฀ ฀t฀h฀e฀ ฀d฀o฀r฀s฀i฀f฀l฀e฀x฀i฀o฀n฀ ฀a฀n฀g฀l฀e฀ ฀o฀f฀ ฀Y฀ 
฀d฀i฀r฀e฀c฀t฀i฀o฀n฀ ฀i฀s฀ ฀p฀o฀s฀i฀t฀i฀v฀e฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀p฀l฀a฀n฀t฀a฀r฀f฀l฀e฀x฀i฀o฀n฀ ฀a฀n฀g฀l฀e฀ ฀i฀s฀ ฀n฀e฀g฀a฀t฀i฀v฀e฀;฀ 
฀a฀n฀d฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀h฀o฀r฀i฀z฀o฀n฀t฀a฀l฀ ฀s฀t฀a฀t฀e฀ ฀i฀s฀ ฀0฀.฀ 
฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀f฀r฀o฀m฀ ฀F฀i฀g฀.฀ ฀1฀1฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀b฀u฀t฀t฀o฀n฀ ฀c฀a฀n฀ ฀b฀e฀ ฀u฀s฀e฀d฀ 
฀n฀o฀r฀m฀a฀l฀l฀y฀ ฀t฀o฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀t฀h฀e฀ ฀r฀o฀b฀o฀t฀ ฀p฀e฀r฀f฀o฀r฀m฀i฀n฀g฀ ฀t฀h฀e฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀ 
฀m฀o฀v฀e฀m฀e฀n฀t฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀ ฀c฀a฀n฀ ฀b฀e฀ ฀d฀i฀s฀p฀l฀a฀y฀e฀d฀ ฀n฀o฀r฀m฀a฀l฀l฀y฀,฀ 
฀w฀h฀i฀c฀h฀ ฀c฀a฀n฀ ฀p฀r฀o฀v฀i฀d฀e฀ ฀i฀n฀t฀u฀i฀t฀i฀v฀e฀ ฀d฀a฀t฀a฀ ฀r฀e฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀r฀a฀p฀i฀s฀t฀s฀ t o  
฀f฀o฀r฀m฀u฀l฀a฀t฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀s฀t฀r฀a฀t฀e฀g฀i฀e฀s฀.฀ ฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀b฀e฀t฀t฀e฀r฀ ฀a฀n฀a฀l฀y฀z฀e฀ ฀th e  
฀e฀f฀f฀e฀c฀t฀i฀v฀e฀n฀e฀s฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀,฀ ฀t฀w฀o฀ ฀s฀e฀t฀s฀ ฀o฀f฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l ฀d a t a  a r e  
฀t฀a฀k฀e฀n฀ ฀t฀o฀ ฀a฀n฀a฀l฀y฀z฀e฀ ฀a฀n฀d฀ ฀d฀r฀a฀w฀ ฀t฀h฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀ ฀d฀i฀a฀g฀r฀a฀m฀,฀ ฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ 
฀F฀i฀g฀.฀1฀2฀ ฀a฀n฀d฀ ฀F฀i฀g฀.฀ ฀1฀3฀.฀ 
฀ 
฀F฀i฀g฀.฀ ฀1฀1฀.฀ ฀W฀a฀v฀e฀f฀o฀r฀m฀ ฀d฀i฀s฀p฀l฀a฀y฀ ฀d฀u฀r฀i฀n฀g฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀. 
฀ ฀ 
฀F฀i฀g฀.฀ ฀1฀2฀.฀ ฀P฀r฀e฀s฀s฀u฀r฀e฀ ฀a฀n฀d฀ ฀a฀n฀g฀l฀e฀ ฀w฀a฀v฀e฀f฀o฀r฀m฀ ฀d฀i฀s฀p฀l฀a฀y฀ ฀d฀u฀r฀i฀n฀g฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀. ฀F฀i฀g฀.฀ ฀1฀3฀.฀ ฀A฀c฀t฀u฀a฀l฀ ฀a฀n฀d฀ ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀o฀f฀ ฀t฀h฀r฀e฀e฀ p n฀e฀u฀m฀a฀t฀i฀c฀ ฀m u s c l e s  d u r i฀n฀g฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀. 
฀F฀i฀g฀.฀ ฀1฀2฀ ฀i฀s฀ ฀t฀h฀e฀ ฀s฀i฀g฀n฀a฀l฀ ฀c฀o฀l฀l฀e฀c฀t฀e฀d฀ ฀b฀y฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀a฀n฀d฀ ฀a฀n฀g฀l฀e฀ 
฀s฀e฀n฀s฀o฀r฀ ฀i฀n฀ ฀t฀w฀o฀ ฀g฀r฀o฀u฀p฀s฀ ฀o฀f฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀s฀ ฀o฀f฀ ฀d฀o฀r฀s฀i฀f฀l฀e฀x฀i฀o฀n฀-
฀p฀l฀a฀n฀t฀a฀r฀f฀l฀e฀x฀i฀o฀n฀-฀e฀v฀e฀r฀s฀i฀o฀n฀-฀i฀n฀v฀e฀r฀s฀i฀o฀n฀.฀ ฀F฀i฀g฀.฀ ฀1฀3฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀e฀ ฀a฀c฀t฀u฀a฀l฀ ฀a฀nd  
฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀o฀f฀ ฀t฀h฀r฀e฀e฀ ฀p฀n฀e฀u฀m฀a฀t฀i฀c฀ ฀m฀u฀s฀c฀l฀e฀s฀ ฀c฀o฀l฀le฀c฀t฀e฀d฀ 
฀f฀r฀o฀m฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀s฀e฀n฀s฀o฀r฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀.฀ ฀I฀t฀ 
฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀f฀o฀r฀c฀e฀ ฀a฀m฀p฀l฀i฀t฀u฀d฀e฀ ฀o฀f฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀1฀ ฀i฀n฀ ฀th e  
฀d฀o฀r฀s฀o฀l฀f฀l฀e฀x฀i฀o฀n฀ ฀a฀n฀d฀ ฀p฀l฀a฀n฀t฀a฀r฀f฀l฀e฀x฀i฀o฀n฀ ฀i฀s฀ ฀l฀a฀r฀g฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀a฀t฀ ฀i฀n฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀2฀.฀ 
฀T฀h฀i฀s฀ ฀i฀s฀ ฀b฀e฀c฀a฀u฀s฀e฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀1฀ ฀h฀a฀s฀ ฀l฀a฀r฀g฀e฀r฀ ฀m฀o฀t฀i฀o฀n฀ ฀r฀a฀n฀g฀e฀,฀ ฀w฀h฀i฀c฀h฀ ฀l฀e฀a฀d฀s฀ 
฀t฀o฀ ฀h฀i฀g฀h฀e฀r฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀c฀h฀a฀n฀g฀e฀s฀.฀ ฀I฀n฀ ฀t฀h฀e฀ ฀e฀v฀e฀r฀s฀i฀o฀n฀/฀i฀n฀v฀e฀r฀s฀i฀o฀n฀ 
฀m฀o฀v฀e฀m฀e฀n฀t฀,฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀v฀a฀l฀u฀e฀ ฀o฀f฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀1฀ ฀i฀s฀ ฀l฀e฀s฀s฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ 
฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀v฀a฀l฀u฀e฀ ฀o฀f฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀2฀,฀ ฀b฀e฀c฀a฀u฀s฀e฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ 
฀e฀v฀e฀r฀s฀i฀o฀n฀/฀i฀n฀v฀e฀r฀s฀i฀o฀n฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀o฀n฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀2฀ ฀i฀s฀ ฀g฀r฀e฀a฀t฀e฀r฀.฀ ฀T฀h฀i฀s฀ ฀i฀s฀ ฀i฀n฀ 
฀a฀c฀c฀o฀r฀d฀a฀n฀c฀e฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀c฀h฀a฀n฀g฀e฀s฀,฀ ฀i฀n฀d฀i฀c฀a฀t฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ 
฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀s฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀ ฀t฀o฀ ฀b฀e฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀.฀ ฀A฀n฀g฀l฀e฀ ฀d฀a฀t฀a฀ ฀s฀h฀o฀w฀ 
฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀c฀h฀a฀n฀g฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀X฀ ฀a฀x฀i฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀Y฀ ฀a฀x฀i฀s฀ ฀v฀a฀ry  w฀i฀t h฀ 
฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀s฀.฀ ฀T฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀o฀f฀ ฀Y฀ ฀a฀x฀i฀s฀ ฀i฀n฀ 
฀d฀o฀r฀s฀i฀f฀l฀e฀x฀i฀o฀n฀/฀p฀l฀a฀n฀t฀a฀r฀f฀l฀e฀x฀i฀o฀n฀ ฀c฀h฀a฀n฀g฀e฀s฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀w฀h฀i฀l฀e 
฀t฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀o฀f฀ ฀X฀ ฀a฀x฀i฀s฀ ฀i฀s฀ ฀b฀a฀s฀i฀c฀a฀l฀l฀y฀ ฀u฀n฀c฀h฀a฀n฀g฀e฀d฀.฀ ฀T฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀o฀f฀ ฀X  ฀a x i฀s฀ 
a l s o฀ h฀a฀n฀g฀e฀s฀ ฀i n฀ e v e r s i o n฀/ i n v e r s i o n  w h i l฀e฀ ฀t฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀Y฀ ฀a฀x฀i฀s฀ 
฀i฀s฀ ฀b a s฀i฀c฀a฀l l y  t h฀e฀ ฀s฀a m e ,  w฀h฀i฀c฀h฀ ฀e฀x฀p฀l฀a฀i฀n฀s฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀n฀e฀s฀s฀ ฀o฀f฀ ฀a฀n฀g฀l฀e  
s e n s o r  d฀e฀s฀i฀g฀n฀.฀ ฀F฀r฀o฀m  F i g฀.฀ 1 3 ,  i t฀ c a n b฀e฀ ฀s฀e฀e฀n฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀e฀r฀r฀o฀r฀s฀ 
฀b e t w e e฀n฀ ฀a฀c฀t฀u฀a฀l  d i s p l a c฀e฀m e n t  a n d  ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ o f  
฀t h฀r฀e฀e฀ ฀p฀n฀e฀u฀m a t i฀c฀ ฀m u s c฀l฀e฀s฀ ฀a฀r฀e  a l฀l฀ ฀v฀e฀r฀y฀ ฀s฀m฀a฀l฀l฀.฀ ฀T฀h฀e฀ ฀e฀r฀r฀o฀r฀s฀ ฀o฀f฀ ฀t฀h฀r฀ee฀ 
p n฀e฀u฀m฀a฀t i c  ฀m฀u฀s฀c฀l฀e฀ ฀d฀i฀s p฀l฀a฀c฀e฀m฀e฀n฀t฀s฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀g฀r฀o฀u฀p฀ ฀o฀f฀ ฀d฀a฀t฀a฀ ฀a฀r฀e฀ 
0 . 2 5฀4 4 m฀m ,  0฀.฀2฀9฀3฀2฀m m฀,฀ ฀0฀.฀3฀1฀3฀3 m฀m฀,฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀,฀ ฀w฀h฀i฀c฀h฀ ฀a฀r฀e฀ 
v e฀r y฀ s m฀a฀l฀l฀,฀ ฀i n฀d฀i c a t i g  t h a t  t h฀e฀ ฀t฀h฀e฀o r฀e฀t฀i฀c฀a฀l฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀nt฀ ฀s฀i฀g฀n฀a฀l฀s฀ 
฀c฀o฀i n c i d฀e  ฀w฀i฀t฀h฀ t฀h฀e฀ ฀a฀c฀t฀u฀a฀l฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀s฀i฀g฀n฀a฀l฀s฀.฀ ฀T฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀i฀t฀ ฀c฀a n  
b e  v e r i f฀i฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀p฀l฀a฀n฀n฀e฀d฀ ฀t฀r฀a฀j฀e฀c฀t฀o฀r y฀ ฀i฀s฀ ฀a฀v฀a฀i฀l฀a฀b฀l฀e฀ ฀a฀n฀d฀ ฀t฀h฀e  P I D  
c฀o฀n฀t฀r฀o l  p฀r฀o฀g฀r฀a฀m฀ ฀i฀s  v a l฀i d .  
฀I฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀s฀e฀e฀n฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀a฀b฀o฀v฀e฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀t฀h฀a฀t฀ t h e  
฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀s฀y฀s฀t฀e฀m฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀ ฀i฀n฀ ฀t฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀i฀s฀ ฀e฀f฀f฀ec t i v e  
฀a฀n฀d฀ ฀c฀a฀n฀ ฀b฀e฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀c฀o฀r฀r฀e฀c฀t฀l฀y฀ ฀o฀b฀t฀a฀i฀n฀ ฀t฀h฀e฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀’฀ ฀p฀l฀a฀n฀t฀a฀r฀ 
฀p฀r฀e฀s฀s฀u฀r฀e฀,฀ ฀t฀h฀e฀ ฀a฀n฀g฀l฀e฀ ฀o฀f฀ ฀a฀n฀k฀l฀e฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀e฀a฀l฀-฀t฀i฀m฀e฀ 
฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀P฀M฀s฀.฀ ฀T฀h฀e฀s฀e฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀c฀a฀n฀ ฀b฀e฀ 
฀u฀s฀e฀d฀ ฀a฀s฀ ฀m฀o฀t฀i฀o฀n฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀e฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀o฀r฀ 
฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀a฀s฀s฀e฀s฀s฀m฀e฀n฀t฀,฀ ฀p฀r฀o฀v฀i฀d฀i฀n฀g฀ ฀t฀h฀e฀ ฀b฀a฀s฀i฀s฀ ฀o฀f฀ ฀d฀a฀t฀a฀ ฀a฀na l฀y฀s฀i฀s฀ 
฀f฀o฀r฀ ฀t฀h฀e฀ ฀p฀a฀s฀s฀i฀v฀e฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀ ฀o฀f฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀e฀a฀r฀l฀y฀ ฀s฀t฀a฀g฀e฀ ฀o฀f฀ 
฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀.฀ 
฀I฀V฀. ฀D฀I฀S฀C฀U฀S฀S฀I฀O฀N฀ A฀N฀D C฀O฀N฀C฀L฀U฀S฀I฀O฀N฀ 
฀T฀h฀e฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀o฀f฀ ฀H฀C฀I฀ ฀h฀a฀s฀ ฀o฀c฀c฀u฀p฀i฀e฀d฀ ฀a฀n฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀i฀n฀ 
฀c฀u฀r฀r฀e฀n฀t฀ ฀f฀i฀e฀l฀d฀ ฀o฀f฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀s฀.฀ ฀T฀h฀e฀ ฀H฀C฀I฀ ฀o฀f฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀tt i o n฀ 
฀r฀o฀b฀o฀t฀ ฀m฀a฀i฀n฀l฀y฀ ฀i฀n฀c฀l฀u฀d฀e฀s฀ ฀t฀h฀e฀ ฀H฀C฀I฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀d฀u฀r฀i฀n฀g฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀,฀ 
฀t฀h฀e฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀c฀o฀l฀l฀e฀c฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ a n d฀ 
฀t฀h฀e฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀o฀f฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀m฀e฀t฀h฀o฀d฀,฀ ฀s฀o฀ ฀a฀s฀ ฀t฀o฀ ฀r฀e฀a฀l฀i฀z฀e฀ ฀t฀h฀e฀ ฀a฀ux i l i a r฀y฀ 
฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀.฀ ฀T฀h฀i฀s฀ ฀p฀a฀p฀e฀r฀ ฀s฀t฀a฀r฀t฀s฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀a฀n฀k฀l฀e฀ 
฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀a฀n฀d฀ ฀m฀a฀k฀e฀s฀ ฀a฀ ฀t฀h฀e฀o฀r฀e฀t฀i฀c฀a฀l฀ ฀s฀t฀u฀d฀y฀ ฀o฀n฀ t h e  H C I  
฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀a฀n฀d฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀o฀f฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀.฀ ฀T฀h฀e฀ ฀ha฀r฀d฀w฀a฀r฀e  a n d  
฀s฀o฀f฀t฀w฀a฀r฀e฀ ฀m฀o฀d฀u฀l฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀s฀y฀s฀t฀e฀m฀ ฀o฀f฀ ฀t฀h฀e฀ 
฀a฀n฀k฀l฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀a฀r฀e฀ ฀d฀e฀s฀i฀g฀n฀e฀d฀.฀ ฀T฀h฀e฀ ฀s฀y฀s฀t฀e฀m฀ ฀m฀a฀i฀n฀l฀y฀ 
฀i฀n฀c฀l฀u฀d฀e฀s฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀m฀o฀d฀u฀l฀e฀,฀ ฀t฀i฀l฀t฀ ฀s฀e฀n฀s฀o฀r฀ ฀m฀o฀d฀u฀l฀e฀ ฀a฀n฀d฀ 
฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀s฀e฀n฀s฀o฀r฀ ฀m฀o฀d฀u฀l฀e฀.฀ ฀T฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀m฀o฀d฀u฀l฀e฀ ฀i฀s฀ 
฀u฀s฀e฀d฀ ฀t฀o฀ ฀c฀o฀l฀l฀e฀c฀t฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀’  f o o฀t .  
฀T฀h฀e฀ ฀t฀i฀l฀t฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀s฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀m฀e฀a฀s฀u฀r฀e฀ ฀t฀h฀e฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀ ฀a฀n฀g฀l฀e฀ 
฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀’฀ ฀a฀n฀k฀l฀e฀.฀ ฀T฀h฀e฀ ฀d฀i฀s฀p฀l฀a฀c฀e฀m฀e฀n฀t฀ ฀s฀e฀n฀s฀o฀r฀ ฀i฀s฀ 
฀u฀s฀e฀d฀ ฀t฀o฀ ฀m฀e฀a฀s฀u฀r฀e฀ ฀t฀h฀e฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀P฀M฀s฀.฀ ฀T฀h฀e฀ 
฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀c฀o฀l฀l฀e฀c฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀t฀h฀r฀e฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀m฀o฀d฀u฀l฀e฀s฀ ฀i฀s฀ ฀d฀i฀s฀p฀l฀ay e฀d฀ 
฀i฀n฀ ฀r฀e฀a฀l฀-฀t฀i฀m฀e฀ ฀o฀n฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀.฀ ฀T฀h฀e฀ ฀c฀o฀l฀l฀e฀c฀t฀e฀d฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀wi l฀l฀ ฀b฀e  
฀a฀n฀a฀l฀y฀z฀e฀d฀ ฀a฀n฀d฀ ฀p฀r฀o฀c฀e฀s฀s฀e฀d฀ ฀t฀o฀ ฀p฀r฀o฀v฀i฀d฀e฀ ฀r฀e฀f฀e฀r฀e฀n฀c฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ 
฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀ ฀a฀n฀d฀ ฀s฀y฀s฀t฀e฀m฀ ฀c฀o฀n฀t฀r฀o฀l฀.฀ 
฀I฀n฀ ฀t฀h฀e฀ ฀f฀u฀t฀u฀r฀e฀,฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀o฀u฀s฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀c฀o฀l฀l฀e฀c฀t฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ 
฀s฀y฀s฀t฀e฀m฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀u฀s฀e฀d฀ ฀t฀o฀ ฀i฀m฀p฀r฀o฀v฀e฀ ฀i฀t฀s฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀n฀e฀s฀s฀.฀ ฀T฀h฀e฀ ฀a฀d฀a p t i v฀e฀ 
฀c฀o฀n฀t฀r฀o฀l฀ ฀m฀e฀t฀h฀o฀d฀ ฀f฀o฀r฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀w฀i฀l฀l฀ ฀b฀e฀ ฀s฀t฀u฀d฀i฀e฀d฀ ฀a฀n฀d฀ ฀t฀h฀e฀ 
฀r฀o฀b฀o฀t฀ ฀t฀r฀a฀j฀e฀c฀t฀o฀r฀y฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀a฀d฀j฀u฀s฀t฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀f฀e฀e฀d฀b฀a฀c฀k฀ ฀o฀f฀ 
฀t฀h฀e฀ ฀f฀u฀s฀e฀d฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀,฀ ฀s฀o฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀r฀o฀b฀o฀t฀ ฀c฀a฀n฀ ฀a฀u฀t฀o฀m฀a฀t฀i฀c฀a฀l฀l฀y฀ 
฀a฀d฀j฀u฀s฀t฀ ฀t฀h฀e฀ ฀l฀e฀v฀e฀l฀ ฀o฀f฀ ฀i฀t฀s฀ ฀a฀s฀s฀i฀s฀t฀a฀n฀c฀e฀ ฀t฀o฀ ฀m฀a฀k฀e฀ ฀i฀t฀ ฀m฀o฀r฀e฀ ฀c฀o฀o฀r฀d฀i฀n฀a฀t฀e฀d฀ 
฀w฀i฀t฀h฀ ฀h฀u฀m฀a฀n฀ ฀m฀o฀v฀e฀m฀e฀n฀t฀.฀ ฀I฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀,฀ ฀E฀M฀G฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀a฀d฀d฀e฀d฀ 
฀i฀n฀t฀o฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀ ฀s฀y฀s฀t฀e฀m฀,฀ ฀r฀e฀a฀l฀i฀z฀i฀n฀g฀ ฀r฀e฀a฀l฀-฀t฀i฀m฀e฀ 
฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ ฀o฀f฀ ฀h฀u฀m฀a฀n฀ ฀m฀o฀t฀i฀o฀n฀ ฀i฀n฀t฀e฀n฀t฀i฀o฀n฀.฀ ฀T฀h฀e฀ ฀E฀M฀G฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀c฀a฀n฀ 
฀b฀e฀ ฀f฀u฀s฀e฀d฀ ฀w฀i฀t฀h฀ ฀m฀o฀t฀i฀o฀n฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀f฀o฀r฀ ฀i฀t฀s฀ ฀a฀d฀v฀a฀n฀c฀e฀ ฀t฀o฀ ฀e฀f฀f฀e฀c฀t฀i฀v฀e฀ly  
฀c฀o฀m฀p฀e฀n฀s฀a฀t฀e฀ ฀t฀h฀e฀ ฀h฀y฀s฀t฀e฀r฀e฀s฀i฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀t฀i฀o฀n฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀[฀1฀9฀]฀,฀ ฀r฀e฀a฀l฀i฀z฀i฀n฀g฀ 
฀r฀e฀a฀l฀-฀t฀i฀m฀e฀ ฀r฀o฀b฀o฀t฀ ฀c฀o฀n฀t฀r฀o฀l฀.฀ ฀I฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀i฀m฀p฀r฀o฀v฀e฀ ฀a฀c฀t฀i฀v฀e฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀t฀i฀o฀n฀ 
฀o฀f฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀,฀ ฀v฀i฀r฀t฀u฀a฀l฀ ฀r฀e฀a฀l฀i฀t฀y฀-฀b฀a฀s฀e฀d฀ ฀g฀a฀m฀e฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀i฀n฀t฀r฀o฀d฀uc e฀d฀ ฀i n฀t฀o฀ 
฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀ ฀t฀o฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀t฀s฀ ฀i฀n฀t฀e฀r฀e฀s฀t฀,฀ ฀i฀m฀p฀r฀o฀v฀i฀n฀g฀ ฀th e  
฀H฀C฀I฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀ ฀a฀n฀d฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀s฀.฀ 
฀R฀E฀F฀E฀R฀E฀N฀C฀E฀S 
฀[฀1฀] W฀.฀ ฀M฀e฀n฀g฀,฀ ฀Q฀.฀ ฀L฀i฀u฀,฀ ฀Z฀.฀ ฀Z฀h฀o฀u฀,฀ ฀Q฀.฀ ฀A฀i฀,฀ ฀B฀.฀ ฀S฀h฀e฀n฀g฀,฀ ฀a฀n฀d฀ ฀S฀.฀ ฀S฀.฀ ฀X฀i฀e฀,  " R e c฀e n฀t  
฀d฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀ ฀o฀f฀ ฀m฀e฀c฀h฀a฀n฀i฀s฀m฀s฀ ฀a฀n฀d฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀s฀t฀r฀a฀t฀e฀g฀i฀e฀s฀ ฀f฀o฀r฀ ฀r฀o฀b฀o฀t฀-฀a฀s฀si฀s฀t฀e฀d฀ 
฀l฀o฀w฀e฀r฀ ฀l฀i฀m฀b฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀,฀"฀ 0HFKDWURQLFV v o l .  3 1฀,฀ p p .  1฀3฀2฀-฀1฀4฀5฀,฀ ฀2฀0฀1฀5฀.฀ 
฀[฀2฀] W฀.฀ ฀M฀e฀n฀g฀,฀ ฀Y฀.฀ ฀Z฀h฀u฀,฀ ฀Z฀.฀ ฀Z฀h฀o฀u฀,฀ ฀K฀.฀ ฀C฀h฀e฀n฀,฀ ฀a฀n฀d฀ ฀Q฀.฀ ฀A฀i฀,฀ ฀"฀A฀c฀t฀i฀v฀e฀ ฀i฀n฀t฀e฀r฀a฀c฀ti o n  
฀c฀o฀n฀t฀r฀o฀l฀ ฀o฀f฀ ฀a฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀m฀o฀t฀i฀o฀n฀ ฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ a n d
฀a฀d฀a฀p฀t฀i฀v฀e฀ ฀i฀m฀p฀e฀d฀a฀n฀c฀e฀ ฀c฀o฀n฀t฀r฀o฀l฀,฀"฀ ฀i฀n฀ ,(((,QWHUQDWLRQDO&RQIHUHQFHRQ
)X]]\6\VWHPV)8==,(((-XO\-XO\฀,฀ ฀B฀e฀i฀j฀i฀n฀g฀,฀ 
฀C฀h฀i฀n฀a฀,฀ ฀2฀0฀1฀4฀,฀ ฀p฀p฀.฀ ฀1฀4฀3฀6฀-฀1฀4฀4฀1฀:฀ ฀I฀n฀s฀t฀i฀t฀u฀t฀e฀ ฀o฀f฀ ฀E฀l฀e฀c฀t฀r฀i฀c฀a฀l฀ ฀a฀n฀d฀ ฀E฀l฀e฀c฀t฀r฀o฀n฀i฀c฀s฀ 
฀E฀n฀g฀i฀n฀e฀e฀r฀s฀ ฀I฀n฀c฀.฀ 
฀[฀3฀] Z฀.฀ ฀L฀u HW DO ,฀ ฀"฀D฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀ ฀o฀f฀ ฀a฀ ฀n฀o฀v฀e฀l฀ ฀a฀n฀k฀l฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀ ฀w฀i฀t฀h฀ 
฀t฀h฀r฀e฀e฀ ฀f฀r฀e฀e฀d฀o฀m฀s฀ ฀f฀o฀r฀ ฀a฀n฀k฀l฀e฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀,฀"฀ ฀i฀n฀ WK $QQXDO ,(((
,QWHUQDWLRQDO&RQIHUHQFHRQ&\EHU7HFKQRORJ\ LQ$XWRPDWLRQ&RQWURO
DQG ,QWHOOLJHQW 6\VWHPV ,(((&<%(5  -XQH    -XQH 
฀,฀ ฀3฀9฀0฀,฀ ฀Q฀i฀n฀g฀n฀i฀a฀n฀ ฀S฀t฀r฀e฀e฀t฀,฀ ฀H฀e฀p฀i฀n฀g฀ ฀D฀i฀s฀t฀r฀i฀c฀t฀,฀ ฀S฀h฀e฀n฀y฀a฀n฀g฀,฀ ฀C฀h฀i฀n฀a฀,฀ ฀2฀0฀1฀5฀,฀ ฀p฀p฀.฀ 
฀2฀0฀9฀1฀-฀2฀0฀9฀6฀:฀ ฀I฀n฀s฀t฀i฀t฀u฀t฀e฀ ฀o฀f฀ ฀E฀l฀e฀c฀t฀r฀i฀c฀a฀l฀ ฀a฀n฀d฀ ฀E฀l฀e฀c฀t฀r฀o฀n฀i฀c฀s฀ ฀E฀n฀g฀i฀n฀e฀e฀r฀s฀ ฀I฀nc .  
฀[฀4฀] S฀.฀ ฀J฀i฀a฀n฀g HW DO ,฀ ฀"฀A฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀B฀C฀I฀-฀F฀E฀S฀ ฀s฀y฀s฀t฀e฀m฀ ฀o฀n฀ ฀s฀t฀r฀o฀k฀e฀ 
฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀,฀"฀ ฀i฀n฀ WK ,QWHUQDWLRQDO ,((((0%6&RQIHUHQFHRQ1HXUDO
(QJLQHHULQJ1(5 $SULO  $SULO ฀,  ฀M o n฀t฀p฀e฀l l฀i฀e r ,฀ 
F r฀a฀n฀c฀e฀,  ฀2฀0฀1฀5 ,฀ ฀v฀o฀l .  ฀2฀0 1 5 -฀J฀u l฀y฀,฀ p p฀.฀ ฀1 1 1฀2฀-฀1฀1฀1฀5฀:฀ ฀I฀E฀E฀E฀ ฀C฀o฀m฀p฀u฀t฀e฀r฀ ฀S฀o฀c฀i฀e฀t฀y฀.฀ 
฀[฀5฀] D .  ฀J฀.฀ ฀M c F฀a฀r฀l a n d฀ ฀a฀n฀d  J฀.฀ ฀R฀.  W o l฀p฀a฀w฀,  " B r฀a฀i฀n฀-฀c o฀m p฀u฀t฀e฀r฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀s  f฀o฀r฀ 
฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀c฀o฀n฀t฀r฀o฀l฀,฀"฀ &RPPXQLFDWLRQVRIWKH$&0฀v฀o l .฀ ฀5 4 ,฀ ฀n฀o฀.฀ 
฀5฀,฀ ฀p฀p฀.฀ ฀6฀0฀-฀6฀6฀,฀ ฀2฀0฀1฀1฀.฀ 
฀[฀6฀] D฀.฀ ฀E฀.฀ ฀T฀h฀o฀m฀p฀s฀o฀n HW DO฀,฀ ฀" P e r f฀o฀r฀m฀a฀n฀c฀e฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀ ฀f฀o฀r฀ ฀b฀r฀a฀i฀n฀-฀c฀o฀m฀p฀u฀t฀e฀r฀ 
฀o฀r฀ ฀b฀r฀a฀i฀n฀-฀m฀a฀c฀h฀i฀n฀e฀ ฀i฀n฀t฀e฀r฀f฀a฀c฀e฀s฀:฀ ฀A฀ ฀t฀u฀t฀o฀r฀i฀a฀l฀,฀"฀ -RXUQDORI1HXUDO(QJLQHHULQJ
฀v฀o฀l฀.฀ ฀1฀1฀,฀ ฀n฀o฀.฀ ฀3฀,฀ ฀2฀0฀1฀4฀.฀ 
฀[฀7฀] H฀.฀ ฀C฀e฀c฀o฀t฀t฀i฀,฀ ฀"฀S฀p฀e฀l฀l฀i฀n฀g฀ ฀w฀i฀t฀h฀ ฀n฀o฀n฀-฀i฀n฀v฀a฀s฀i฀v฀e฀ ฀B฀r฀a฀i฀n฀-฀C฀o฀m฀p฀u฀t฀e฀r฀ ฀I฀n฀te r f a c e s  -฀ 
฀C฀u฀r r e n฀t฀ ฀a n d  ฀f฀u฀t u r฀e฀ ฀t r e฀n฀d฀s฀, "฀ ฀(฀i n฀ ฀E฀n฀g l฀i฀s h )฀,฀ -RXUQDO RI 3K\VLRORJ\3DULV
฀R฀e฀v i฀e฀w฀ ฀v o฀l฀.  1 0฀5฀,฀ n฀o฀.฀ 1฀-฀3฀,  ฀p฀p฀.  ฀1฀0฀6฀-฀1฀1฀4 ,฀ ฀J฀a฀n฀-฀J฀u฀n฀ ฀2฀0฀1฀1฀.฀ 
฀[ 8 ] ฀Y฀.฀ ฀H฀.฀ Y i฀n฀,฀ ฀Y .฀ ฀J฀.฀ F฀a฀n฀,  a฀n฀d฀ L .฀ D .฀ ฀X฀u฀,  ฀"฀E M฀G ฀a฀n฀d฀ ฀E฀P฀P฀-฀i฀n฀t฀e฀g฀r฀a฀t฀e฀d฀ ฀h฀um a n฀-
฀m฀a฀c h฀i n฀e฀ ฀i฀n t฀e฀r฀f a c e฀ b e฀t฀w฀e฀e n  t h฀e฀ ฀p฀a r฀a฀l฀y฀z e d  ฀a฀n฀d฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀at฀i o n  
฀e฀x฀o฀s฀k฀e฀l฀e฀t฀o฀n฀,฀"฀ ,((( 7UDQVDFWLRQV RQ ,QIRUPDWLRQ 7HFKQRORJ\ LQ
%LRPHGLFLQH฀v฀o฀l฀.฀ ฀1฀6฀,฀ ฀n฀o฀.฀ ฀4฀,฀ ฀p฀p฀.฀ ฀5฀4฀2฀-฀5฀4฀9฀,฀ ฀2฀0฀1฀2฀.฀ 
฀[฀9฀] Q฀.฀ ฀A฀i฀,฀ ฀Q฀.฀ ฀L฀i฀u฀,฀ ฀T฀.฀ ฀Y฀u฀a฀n฀,฀ ฀a฀n฀d฀ ฀Y฀.฀ ฀L฀u฀,฀ ฀"฀G฀e฀s฀t฀u฀r฀e฀s฀ ฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ ฀ba s e d  o n  
฀w฀a฀v฀e฀l฀e฀t฀ ฀a฀n฀d฀ ฀L฀L฀E฀,฀"฀ $XVWUDODVLDQ3K\VLFDODQG(QJLQHHULQJ6FLHQFHV LQ
0HGLFLQH฀v฀o฀l฀.฀ ฀3฀6฀,฀ ฀n฀o฀.฀ ฀2฀,฀ ฀p฀p฀.฀ ฀1฀6฀7฀-฀1฀7฀6฀,฀ ฀2฀0฀1฀3฀.฀ 
฀[฀1฀0฀] H .฀ ฀L฀i฀u฀,฀ ฀"฀E฀x฀p฀l฀o฀r฀i฀n฀g฀ ฀h฀u฀m฀a฀n฀ ฀h฀a฀n฀d฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀i฀e฀s฀ ฀i฀n฀t฀o฀ ฀e฀m฀b฀e฀d฀d฀e฀d 
m u l฀t฀i f i฀n฀g฀e r฀e฀d฀ ฀o b j e฀c฀t฀ ฀m฀a n i฀p฀u฀l฀a t฀i฀o n ,฀"฀ ,((( 7UDQVDFWLRQV RQ ,QGXVWULDO
,QIRUPDWLFV฀v฀o l .฀ ฀7 ,  ฀n฀o฀.฀ 3 ,฀ ฀p฀p฀.  ฀3฀8฀9 - 3฀9 8 ,฀ ฀2฀0฀1฀1฀.฀ 
฀[฀1฀1 ] H .฀ I฀.฀ ฀K฀r฀e b฀s HW DO฀,  " R฀e฀h฀a฀b i l฀i฀t a t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀i฀c฀s฀:฀ ฀P฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e฀-฀b฀a฀s฀e฀d฀ 
฀p฀r฀o฀g฀r฀e฀s฀s฀i฀v฀e฀ ฀r฀o฀b฀o฀t฀-฀a฀s฀s฀i฀s฀t฀e฀d฀ ฀t฀h฀e฀r฀a฀p฀y฀,฀"฀ $XWRQRPRXV5RERWV฀v o l .  ฀1฀5 ,  ฀n o .฀ ฀1฀,฀ 
฀p p .฀ ฀7 - 2฀0฀,฀ 2 0฀0฀3฀.  
฀[฀1฀2 ] S .  ฀B฀r฀e w s t฀e฀r฀,  " H a p฀t฀i c  H C I฀,฀"  i฀n฀ WK $QQXDO &RQIHUHQFH RI WKH $&0
6SHFLDO ,QWHUHVW *URXS RQ &RPSXWHU+XPDQ ,QWHUDFWLRQ 1HZ =HDODQG
&KDSWHU &+,1=  -XO\    -XO\  ฀,฀ ฀D฀u฀n฀e฀d฀i฀n฀,฀ ฀N฀e฀w฀ 
฀z฀e฀a฀l฀a฀n฀d฀,฀ ฀2฀0฀0฀3฀,฀ ฀p฀p฀.฀ ฀3฀-฀4฀:฀ ฀A฀s฀s฀o฀c฀i฀a฀t฀i฀o฀n฀ ฀f฀o฀r฀ ฀C฀o฀m฀p฀u฀t฀i฀n฀g฀ ฀M฀a฀c฀h฀i฀n฀e฀r฀y฀.฀ 
฀[฀1฀3฀] J .฀ ฀C฀o฀o฀p฀e฀r฀s฀t฀o฀c฀k฀,฀ ฀"฀M฀u฀l฀t฀i฀m฀o฀d฀a฀l฀ ฀t฀e฀l฀e฀p฀r฀e฀s฀e฀n฀c฀e฀ ฀s฀y฀s฀t฀e฀m฀s฀,฀"฀ ,((( 6LJQDO
3URFHVVLQJ0DJD]LQH฀v฀o฀l฀.฀ ฀2฀8฀,฀ ฀n฀o฀.฀ ฀1฀,฀ ฀p฀p฀.฀ ฀7฀7฀-฀8฀6฀,฀ ฀2฀0฀1฀1฀.฀ 
฀[฀1฀4฀] H .฀ ฀K฀a฀z฀e฀r฀o฀o฀n฀i฀,฀ ฀J฀.฀-฀L฀.฀ ฀R฀a฀c฀i฀n฀e฀,฀ ฀L฀.฀ ฀H฀u฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀R฀.฀ ฀S฀t฀e฀g฀e฀r฀,฀ ฀"฀O฀n฀ ฀t฀h฀e฀ c o n฀t r o฀l฀ o f  
฀t฀h฀e฀ ฀B฀e฀r฀k฀e฀l฀e฀y฀ ฀L฀o฀w฀e฀r฀ ฀E฀x฀t฀r฀e฀m฀i฀t฀y฀ ฀E฀x฀o฀s฀k฀e฀l฀e฀t฀o฀n฀ ฀(฀B฀L฀E฀E฀X฀)฀,฀"฀ ฀i฀n฀  ,(((
,QWHUQDWLRQDO&RQIHUHQFHRQ5RERWLFVDQG$XWRPDWLRQ$SULO
$SULO   ,฀ ฀B฀a฀ c฀e฀l฀o฀n฀a ,฀ ฀S฀p฀a i฀n฀,฀ 2 0 0฀5฀,  v o l฀.฀ 2 0 0 5฀,฀ ฀p฀p฀.฀ ฀4฀3฀5฀3฀-฀4฀3฀6฀0฀:฀ 
I n s฀t฀i t u t฀e฀ o f฀ E l฀e฀c฀t฀r i฀c฀a฀l฀ a฀n฀d฀ E l e฀c฀t฀r o n i฀c฀s฀ E n g฀i฀n฀e฀e฀r฀s฀ ฀I฀n฀c฀.฀ 
[ 1 5 ] A .฀ ฀S฀c h i฀e฀l฀e ,  ฀P฀.฀ L e฀t฀i e r฀,฀ R .฀ ฀V฀a n  D e฀r฀ ฀L i n฀d฀e฀,฀ a n฀d฀ ฀F฀.฀ V฀a฀n฀ ฀D฀e฀r฀ ฀H฀e฀l m ,฀ ฀" B o w d e฀n  
฀c฀a฀b฀l฀e฀ ฀a฀c฀t฀u฀a฀t฀o฀r฀ ฀f฀o฀r฀ ฀f฀o฀r฀c฀e฀-฀f฀e฀e฀d฀b฀a฀c฀k฀ ฀e฀x฀o฀s฀k฀e฀l฀e฀t฀o฀n฀s฀,฀"฀ ฀i฀n฀  ,(((56-
,QWHUQDWLRQDO&RQIHUHQFHRQ,QWHOOLJHQW5RERWVDQG6\VWHPV,526
2FWREHU    2FWREHU  ฀,฀ ฀B฀e฀i฀j฀i฀n฀g฀,฀ ฀C฀h฀i฀n฀a฀,฀ ฀2฀0฀0฀6฀,฀ ฀p฀p฀.฀ ฀3฀5฀9฀9฀-
3 6 0฀4฀:฀ I฀n฀s฀t฀i t u฀t฀e฀ ฀o f฀ ฀E฀l฀e c฀t฀r i c a฀l฀ ฀a฀n฀d฀ ฀E฀l฀e฀c฀t฀r฀o฀n฀i฀c฀s฀ ฀E฀n฀g฀i฀n฀e฀e฀r฀s฀ ฀I฀n฀c.  
฀[฀1฀6฀] S .฀ ฀K฀.฀ ฀B฀a฀n฀a฀l฀a฀,฀ ฀S฀.฀ ฀H฀.฀ ฀K฀i฀m฀,฀ ฀S฀.฀ ฀K฀.฀ ฀A฀g฀r฀a฀w฀a฀l฀,฀ ฀a฀n฀d฀ ฀J฀.฀ ฀P฀.฀ ฀S฀c฀h฀o฀l฀z฀,฀ ฀"฀R฀o฀b฀o฀t฀ 
฀a฀s฀s฀i฀s฀t฀e฀d฀ ฀g฀a฀i฀t฀ ฀t฀r฀a฀i฀n฀i฀n฀g฀ ฀w฀i฀t฀h฀ ฀a฀c฀t฀i฀v฀e฀ ฀l฀e฀g฀ ฀e฀x฀o฀s฀k฀e฀l฀e฀t฀o฀n฀ ฀(฀A฀L฀E฀X฀)฀,"฀ ฀2฀0฀0 9 ,  v o l .  
1 7 ,฀ ฀p p .฀ ฀2฀-฀8฀:฀ ฀I n s t i t฀u฀t฀e฀ ฀o฀f฀ ฀E฀l฀e฀c฀t฀r฀i฀c฀a฀l฀ ฀a฀n฀d฀ ฀E฀l฀e฀c฀t฀r฀o฀n฀i฀c฀s฀ ฀E฀n฀g฀i฀n฀e฀e฀r฀s฀ ฀In c .  
[ 1 7 ] ฀C .฀ ฀G฀.฀ ฀M a t฀t฀a฀c฀o l ,  ฀M .  K .  D w฀y฀e฀r฀,  " R฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀A฀n฀k฀l฀e฀ ฀A f฀t฀e฀r  A฀c฀u฀t฀e฀ 
฀S฀p฀r฀a฀i฀n฀ ฀o฀r฀ ฀C฀h฀r฀o฀n฀i฀c฀ ฀I฀n฀s฀t฀a฀b฀i฀l฀i฀t฀y฀,฀"฀ -RXUQDORI$WKOHWLF7UDLQLQJ฀ v฀o฀l .  3฀7฀,฀ ฀n฀o฀.฀ 
฀4 ,฀ ฀p฀p฀.฀ 4฀1฀3฀,  2 0 0 2 .฀ 
฀[ 1 8 ] S .  Y .  Y฀u฀r฀i฀s h ,  "฀D฀e฀v e l฀o฀p฀m n t  o f  ฀P฀l฀a฀n฀t฀e฀r฀ ฀F฀o฀o฀t฀ ฀P฀r฀e฀s฀s฀u฀r฀e฀ ฀D฀i฀s฀t฀r฀i฀b฀u฀ti o  
S฀y฀s฀t฀e฀m฀ ฀U฀s฀i฀n฀g฀ ฀F฀l฀e฀x฀i฀ ฀F฀o฀r฀c฀e฀ ฀S฀e฀n฀s฀o฀r฀s฀,฀"฀ 6HQVRUV	7UDQVGXFHUV-RXUQDO฀.฀ 
฀[฀1฀9฀] Z .฀-฀G฀.฀ ฀H฀o฀u฀,฀ ฀X฀.฀-฀G฀.฀ ฀Z฀h฀a฀o฀,฀ ฀L฀.฀ ฀C฀h฀e฀n฀g฀,฀ ฀Q฀.฀-฀N฀.฀ ฀W฀a฀n฀g฀,฀ ฀a฀n฀d฀ ฀W฀.฀-฀Q฀.฀ ฀W฀a฀n฀g฀,฀ 
฀"฀R฀e฀c฀e฀n฀t฀ ฀a฀d฀v฀a฀n฀c฀e฀s฀ ฀i฀n฀ ฀r฀e฀h฀a฀b฀i฀l฀i฀t฀a฀t฀i฀o฀n฀ ฀r฀o฀b฀o฀t฀s฀ ฀a฀n฀d฀ ฀i฀n฀t฀e฀l฀l฀i฀g฀en t  a s s s t a n฀c฀e฀ 
฀s฀y฀s฀t฀e฀m฀s฀,฀"฀ =LGRQJKXD ;XHEDR$FWD $XWRPDWLFD 6LQLFD ฀v฀o฀l฀.฀ ฀4฀2฀,฀ ฀n฀o฀.฀ ฀1฀2฀,฀ 
฀p฀p฀.฀ 1 7 6฀5฀-฀1฀7฀7฀9฀,฀ ฀2฀0 1 6 .  
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